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(57)  In a valve-operating system (D) for an internal
combustion engine including a main valve lifter (11) lift-
ed and lowered along with a valve (3), a subsidiary valve
lifter (12) movable relative to the main valve lifter (11),
a cam (15) for a low-speed capable of operating the
main valve lifter (11) in a direction to open the valve, a
cam (16) for a high-speed capable of operating the sub-
sidiary valve lifter (12) in a direction to open the valve,
and a connecting device (33) switched over between a
non-connecting state in which the valve lifters (11, 12)
are disconnected from each other, and a connecting
state in which the valve lifters (11, 12) are connected to
each other, a valve spring (22) for biasing the valve (3)
in a closing direction is mounted between the valve (3)
and an engine body (1), and a lifter spring (23) for bias-
ing the subsidiary valve lifter (12) toward the cam (16)
for the high speed is mounted between the subsidiary
valve lifter (12) and the engine body (1). Thus, in a low-
speed mode in which the main and subsidiary valve lift-
ers are in their non-connected states, an influence of a
load of the lifter spring on the valve can be prevented,
and in a high-speed mode in which the main and sub-
sidiary valve lifters are in their connected states, a sum
total of loads of the valve spring and the lifter spring can
be applied to both of the valve lifters to improve the clos-
ing responsiveness of the valve.

VALVE GEAR OF INTERNAL COMBUSTION ENGINE
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a valve-oper-
ating system for an internal combustion engine and par-
ticularly, to animprovementin a valve-operating system,
including a main valve lifter moved in unison with valves
mounted in an engine body, a subsidiary valve lifter ad-
joining the main valve lifter and slidable relative to the
main valve lifter, a main cam for providing a first opera-
tional mode to the valve through the main valve lifter, a
subsidiary cam capable of operating the subsidiary
valve lifter with a lift amount larger than the main cam
in a direction to open the valve, and a connecting means
capable of being switched between a non-connecting
state in which the individual movement of the main and
subsidiary valve lifters is permitted, and a connecting
state in which the main and subsidiary valve lifters are
connected to each other and forced to be operated in
unison with each other, so that when the main and sub-
sidiary valve lifters are connected to each other by the
connecting state of the connecting means, the subsidi-
ary cam provides a second operational mode to the
valve, in which the valve is opened more largely than in
the first operational mode.

BACKGROUND ART

[0002] Such a valve-operating system for an internal
combustion engine is already known, as disclosed, for
example, in Japanese Patent Application Laid-open No.
9-1844009.

[0003] The known valve-operating system further in-
cludes a valve spring mounted between the valve and
engine body for biasing the valve in a closing direction,
and a lifter spring mounted between the subsidiary valve
lifter and the valve for biasing the subsidiary valve lifter
toward the subsidiary cam. When the connecting means
is in the non-connecting state in which the valve lifters
are free for movement, the main cam opens and closed
the main valve by cooperation with the main valve lifter
and the valve spring, and the subsidiary cam provides
an ineffective reciprocal motion to the subsidiary valve
lifter by cooperation with the lifter spring. When the con-
necting means is in the connecting state in which the
valve lifters are connected to each other, the subsidiary
cam opens and closes the valve by cooperation with
both of the valve lifters and the valve spring.

[0004] It should be noted here that because the lifter
spring is mounted between the valve and the subsidiary
valve lifter, the following disadvantage is encountered:
When the connecting means is in the non-connecting
state, whereby the subsidiary cam provides the ineffec-
tive reciprocal motion to the subsidiary valve lifter by co-
operation with the lifter spring, inertia forces of the sub-
sidiary cam and the lifter spring are applied to the valve,
whereby the valve is liable to be jumped. Such jumping
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of the valve can be suppressed by setting the preset
load of the valve spring for biasing the valve in the clos-
ing direction at a higher value. However, if the preset
load is set at the higher value, the following new prob-
lems arise: the load of a camshaft is increased; the wear
of sliding portions is hastened, and the like.

[0005] In such known valve-operating system, the cy-
lindrical main valve lifter and the hollow cylindrical sub-
sidiary valve lifter are relatively slidably fitted with each
other, and the outer subsidiary valve lifter is slidably re-
ceived in a lifter guide bore in the engine body. Radial
main and subsidiary guide bores are provided in the
main and subsidiary valve lifters, and a connecting
plunger is fitted in both of the guide bores, thereby con-
necting the valve lifters to each other. In the system de-
signed as described above, it is necessary to provide a
high-accuracy positioning means between the main and
subsidiary valve lifters in order to bring the main and
subsidiary guide bores in the same line with each other.
[0006] However, such positioning means results in an
increase in number of parts in the valve-operating sys-
tem, and moreover, causes an increase in number of
processing steps, resulting in the hindrance to a reduc-
tion in cost.

[0007] Further, in such known valve-operating sys-
tem, a circular upper surface of the main valve lifter and
an annular upper surface of the subsidiary valve lifter
are formed as slipper faces with which the main and sub-
sidiary cams are in sliding contact. The radial main and
subsidiary guide bores are provided in the main and
subsidiary valve lifters, and the connecting plunger is
fitted in both of the guide bores, whereby the valve lifters
are connected to each other.

[0008] It should be noted here that in a valve-operat-
ing system in which a valve lifter is moved directly by a
cam, it is necessary to bring the rotating cam over the
entire periphery thereof reliably into sliding contact with
the slipper face of the valve lifter in order to operate the
valve smoothly in conformity to a cam profile. However,
if even a portion of the cam strikes against a peripheral
edge corner of the slipper face of the valve lifter, the fol-
lowing disadvantage is encountered: A large side thrust
is exerted to the valve lifter, whereby the resistance to
the sliding movement of the valve lifter is increased, and
moreover, the movement of the valve does not corre-
spond to the cam profile. Therefore, it is required that
the slipper face of the valve lifter should have a neces-
sary and sufficient length in a direction of rotation of the
cam.

[0009] However, in the conventionally known valve-
operating system in which main and subsidiary slipper
faces 011s and 012s are formed at upper ends of an
inner main valve lifter 011 and an outer subsidiary valve
lifter 012 disposed concentrically with each other, so that
main and subsidiary cams 15 and 16 are in sliding con-
tact with the slipper faces 011s and 012s, as shown in
Figs.52A and 52B, it is required that the slipper faces
011s and 012s have extents having band-shaped sliding
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contact regions A and B caused by the rotation of the
main and subsidiary cams 15 and 16 in order to meet
the above-described demand. This brings about an in-
crease in diameter of the main and subsidiary valve lift-
ers 011 and 012 and accordingly, an increase in size of
the valve-operating system.

DISCLOSURE OF THE INVENTION

[0010] The presentinvention has been accomplished
in view of the various problems associated with the
above-described conventionally known system, and it is
a first object of the present invention to provide a valve-
operating system for an internal combustion engine,
wherein the jumping of the valve can be suppressed
without specially increasing the preset load of the valve
spring, and the load of the camshaft can be alleviated
to enhance the durability of sliding portions.

[0011] Itis a second object of the present invention to
provide a valve-operating system for an internal com-
bustion engine, wherein even if no special positioning
means is provided, it is possible to prevent the rotation
of the main and subsidiary valve lifters relative to each
other without chattering, thereby contributing to a reduc-
tion in number of parts and accordingly, a reduction in
cost.

[0012] Further, itis a third object of the present inven-
tion to provide a valve-operating system for an internal
combustion engine, wherein the movement correspond-
ing to a cam profile can be provided properly and
smoothly to the valve lifter, namely, to the valve without
bringing about an increase in diameter of the valve lifter.
[0013] To achieve the first object, according to a first
aspect and feature, there is provided a valve-operating
system for an internal combustion engine, comprising a
main valve lifter moved in unison with valves mounted
in an engine body, a subsidiary valve lifter adjoining the
main valve lifter and slidable relative to the main valve
lifter, a main cam for providing a first operational mode
to a valve through the main valve lifter, a subsidiary cam
capable of operating the subsidiary valve lifter with a lift
amount larger than the main cam in a direction to open
the valve, and a connecting means capable of being
switched between a non-connecting state in which the
individual movement of the main and subsidiary valve
lifters is permitted, and a connecting state in which the
main and subsidiary valve lifters are connected to each
other and forced to be operated in unison with each oth-
er, so that when the main and subsidiary valve lifters are
connected to each other by the connecting state of the
connecting means, the subsidiary cam provides a sec-
ond operational mode to the valve, in which the valve is
opened more largely than in the first operational mode,
characterized in that the system further includes a valve
spring mounted between the valve and the engine body
for biasing the valve in a closing direction, and a lifter
spring mounted between the subsidiary valve lifter and
the engine body for biasing the subsidiary lifter toward
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the subsidiary cam.

[0014] With the first feature, in the non-connecting
state of the connecting means in which the main and
subsidiary valve lifters are slidable relative to each other,
a load received from the subsidiary cam by the lifter
spring is received directly on the engine body and
hence, cannot exert influence on the valve. Therefore,
even if the subsidiary valve lifter is reciprocally moved
at a stroke larger than that of the main valve lifter to flex
the lifter spring largely, resulting large inertia forces of
the subsidiary valve lifter and the lifter spring cannot be
applied to the valve. Thus, it is possible to prevent the
occurrence of the jumping of the valve and to suppress
a useless increase in surface pressure on sliding por-
tions and abutment portions extending from the main
cam to the valve to prevent the wears of them as much
as possible, and the load of the camshaft cannot be in-
creased uselessly.

[0015] In the connecting state of the connecting
means in which the main and subsidiary valve lifters
have been connected to each other, a sum total of re-
pulsive forces of the valve spring and the lifter spring is
applied to both of the valve lifters. Therefore, notwith-
standing that the valve lifters have been integrated, re-
sulting in an increased inertia mass, inertia forces of the
valve lifters can be suppressed effectively, thereby not
only preventing the jumping of the valve, but also en-
hancing the return responsiveness of the valve lifters
and accordingly, the closing responsiveness of the
valve.

[0016] To achieve the second object, according to a
second aspect and feature of the present invention,
there is provided a valve-operating system for an inter-
nal combustion engine, comprising a main valve lifter
moved in unison with valves mounted in an engine body,
a subsidiary valve lifter adjoining the main valve lifter
and slidable relative to the main valve lifter, a main cam
for providing a first operational mode to a valve through
the main valve lifter, a subsidiary cam capable of oper-
ating the subsidiary valve lifter with a lift amount larger
than the main cam in a direction to open the valve, main
and subsidiary guide bores provided in the main and
subsidiary valve lifters to extend in a direction perpen-
dicular to a direction of operation of the main and sub-
sidiary valve lifters, and a connecting means having a
connecting member for moving between a non-connect-
ing position where the connecting member is received
in only one of the main and subsidiary guide bores and
a connecting position where the connecting member is
received in both of the guide bores, so that when the
main and subsidiary valve lifters are connected to each
other by the connecting state of the connecting means,
the subsidiary cams provide a second operational mode
to the valve, in which the valve is opened more largely
than in the first operational mode, characterized in that
the main and subsidiary valve lifters have flat faces rel-
atively slidably superposed on each other, and are
formed so as to be slidably received in a common lifter
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guide bore in the engine body, the flat faces being
formed to extend in parallel to an axis of the lifter guide
bore, and the main and subsidiary guide bores are pro-
vided in the main and subsidiary valve lifters, so as to
open into the corresponding flat faces, respectively.
[0017] With the second feature, it is possible to pre-
vent the rotation of main and subsidiary valve lifters rel-
ative to each other without chattering by the abutment
of the wide flat faces against each other and hence, it is
possible to easily and properly bring the guide bores in
the valve lifters in line with each other without provision
of a special positioning means, thereby reducing the
number of parts to contribute to a reduction in cost.
[0018] According to a third aspect and feature of the
present invention, in addition to the second feature, the
single subsidiary valve lifter is disposed adjacent the
main valve lifter.

[0019] With the third feature, two different operational
modes can be provided to the valve in the engine with
a reduced number of parts.

[0020] According to a fourth aspect and feature of the
present invention, in addition to the third feature, the
main valve lifter is formed into an arcuate shape having
an outer peripheral surface of a major arc shape; the
subsidiary valve lifter is formed into an arcuate shape
having an outer peripheral surface of a minor arc shape;
the main guide bore in the main valve lifter is formed
longer than the subsidiary guide bore in the subsidiary
valve lifter; and the connecting member is supported in
the main guide bore.

[0021] With the third feature, the longer main guide
bore is easily defined in the main valve lifter, and a sup-
port span of the connecting plungers supported in the
main guide bore can be prolonged, whereby the falling
of the connecting plungers can be suppressed to the ut-
most. Therefore, a good state in which the valve lifters
have been connected to each other can be provided in
the connecting state of the connecting means.

[0022] According to a fifth aspect and feature of the
present invention, in addition to the second feature, a
pair of the subsidiary valve lifters are disposed on op-
posite sides of the main valve lifter, and a pair of the
subsidiary cams of the same shape are disposed in cor-
respondence to the subsidiary valve lifters, so that the
main valve lifter can be connected to both of the subsid-
iary valve lifters through a pair of the connecting mem-
bers.

[0023] With the fifth feature, when the main valve lifter
is connected to both of the subsidiary valve lifters
through the pair of connecting members, both of the
subsidiary valve lifters are connected to opposite sides
of the main valve lifter, and operational forces of the sub-
sidiary cams are applied equally to the opposite sides
of the main valve lifter through both of the subsidiary
valve lifters and both of the connecting members. There-
fore, the main valve lifter can be operated in a non-in-
clined appropriate attitude.

[0024] According to a sixth aspect and feature of the
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present invention, in addition to the second feature, the
first and second subsidiary valve lifters are disposed on
opposite sides of the main valve lifter, and the first and
second subsidiary cams moved at different lift amounts
are disposed in correspondence to the first and second
subsidiary valve lifters, so that the main valve lifter can
be connected individually to the first and second sub-
sidiary valve lifters through the first and second connect-
ing members.

[0025] With the sixth feature, when the first and sec-
ond subsidiary valve lifters are separated from the main
valve lifter, or when only the first subsidiary valve lifter
is connected to the main valve lifter, or when the second
subsidiary valve lifter is connected to the main valve lift-
er, any of three operational modes can be provided to
the valve in the engine by cooperation with the main
cam, the first subsidiary cam and the second subsidiary
cam.

[0026] According to a seventh aspect and feature of
the present invention, in addition to any of the second
to sixth features, a pair of the circular lifter guide bores
are disposed in a partially overlapped relation to each
other, and flat faces are formed on two sets of the main
and subsidiary valve lifters received in the lifter guide
bores to come into abutment against each other ata bor-
der between both of the lifter guide bores.

[0027] With the seventh feature, when the two sets of
main and subsidiary valve lifters are disposed adjacent
each other, the two sets of main and subsidiary valve
lifters restrict the rotation each other by bringing the flat
faces formed on the main and subsidiary valve lifters
into abutment against each other at the border between
the pair of the lifter guide bores. Therefore, it is unnec-
essary to adopt a detent means between the main and
subsidiary valve lifters and the lifter guide bore in each
pair, leading to the simplification of the arrangement,
and the two sets of main and subsidiary valve lifters as
well as the pair of valves operated by these valve lifters
can be disposed adjacent each other, leading to the
compactness of the engine.

[0028] To achieve the third object, according to an
eighth aspect and feature of the present invention, there
is provided a valve-operating system for an internal
combustion engine, comprising a main valve lifter
moved in unison with a valve mounted in an engine
body, a subsidiary valve lifter adjoining the main lifter
and slidable relative to the main lifter, a main cam for
providing a first operational mode to the valve through
the main valve lifter, a subsidiary cam capable of oper-
ating the subsidiary valve lifter with a lift amount larger
than the main cam in a direction to open the valve, main
and subsidiary guide bores provided in the main and
subsidiary valve lifters to extend in a direction perpen-
dicular to a direction of operation of the main and sub-
sidiary valve lifters, and a connecting means having a
connecting member for moving between a non-connect-
ing position where the connecting member is received
in only one of the main and subsidiary guide bores and
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a connecting position where the connecting member is
received in both of the guide bores, so that when the
main and subsidiary valve lifters are connected to each
other by the connecting state of the connecting means,
the subsidiary cam provides a second operational mode
to the valve, in which the valve is opened more largely
than in the first operational mode, characterized in that
a roller is carried on at least one of the main and sub-
sidiary valve lifters to come into contact with the corre-
sponding cam.

[0029] With the eighth feature, even if an upper end
face of the valve lifter having the roller carried thereon
is short in length in a direction of rotation of the cam, the
movement corresponding to a cam profile can be pro-
vided smoothly to such valve lifter by bringing the cam
into contact with the roller. Moreover, the valve lifter
does not require a face of sliding contact with the cam
and hence, it is possible to provide a reduction in diam-
eter of the valve lifter and accordingly, a reduction in size
of the valve-operating system.

[0030] According to a ninth aspect and feature of the
present invention, in addition to the eighth feature, the
main valve lifter is formed into an arcuate shape having
an outer peripheral surface of a major arc shape; the
subsidiary valve lifter is formed into an arcuate shape
having an outer peripheral surface of a minor arc shape;
both of the valve lifters are disposed, so that flat face
thereof slidably abutting against each other are perpen-
dicular to an axis of a camshaft having the main and
subsidiary cams; a roller is carried on the subsidiary
valve lifter to come into contact with the subsidiary cam;
and the main valve lifter has a slipper face formed on
an upper end face thereof, so that the main cam is in
sliding contact with the slipper face.

[0031] With the ninth feature, the long slipper face,
with which the main cam is in sliding contact over its
entire periphery, can be ensured on the upper end face
of the main valve lifter by effectively utilizing the largest
diameter of the main valve lifter, and it is unnecessary
to carry a roller on the main valve lifter and hence, the
arrangement can be correspondingly simplified to con-
tribute to a reduction in cost. On the other hand, even if
the upper end face of the subsidiary valve lifter is short
in length in a direction of rotation of the subsidiary cam,
the subsidiary valve lifter can smoothly receive the
movement corresponding to a profile of the subsidiary
cam by provision of the roller on the subsidiary valve
lifter.

[0032] According to a tenth aspect and feature of the
present invention, in addition to the eighth or ninth fea-
ture, the guide bores are provided in roller support shafts
secured to the corresponding valve lifters to support the
rollers.

[0033] With the tenth feature, the roller support shafts
and the connecting members received in the guide
bores can be disposed concentrically, leading to the
simplification of the arrangement and a reductionin size.
[0034] The above and other objects, features and ad-
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vantages of the present invention will become apparent
from the following description of the preferred embodi-
ments taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Fig.1isaplanview of a valve-operating system
for a two-valve and twin-camshaft type internal combus-
tion engine according to a first embodiment of the
present invention; Fig.2 is a sectional view taken a long
aline 2-2in Fig.1; Fig.3 is a sectional view taken a long
aline 3-3 in Fig.2; Fig.4 is a sectional view taken a long
a line 4-4 in Fig.2; Fig.5 is an enlarged sectional view
taken a long a line 5-5 in Fig.4 (shown in a low-speed
mode); Fig.6 is a sectional view taken a long a line 6-6
in Fig. 5; Fig. 7 is a view for explaining the operation and
showing a state of preparatory to a high-speed mode;
and Fig.8 is a view for explaining the operation and
showing the high-speed mode. Fig.9 is a sectional view
similar to Fig.2, but showing a second embodiment of
the presentinvention, and Fig.10 is a sectional view tak-
en along a line 10-10 in Fig.9.

[0036] Fig.11 is a vertical sectional view of a valve-
operating system for a two-valve and twin-camshaft
type internal combustion engine according to a third em-
bodiment of the present invention; Fig.12 is a sectional
view taken along a line 12-12 in Fig.11; Fig.13 is a sec-
tional view taken along a line 13-13 in Fig.12; Fig.14 is
an enlarged sectional view taken along a line 14-14 in
Fig.13 (showing a low-speed mode); Fig.15 is a section-
al view taken along a line 15-15 in Fig.14; Fig.16 is a
view for explaining the operation, similar to Fig.14, but
showing a state of preparatory to the high-speed mode;
Fig.17 is a view for explaining the operation, similar to
Fig.14, but showing the high-speed mode. Fig.18 is a
vertical sectional view of a valve-operating system for a
four-valve and twin-camshaft type internal combustion
engine according to a fourth embodiment of the present
invention; Fig.19 is a sectional view taken along a line
19-19in Fig.10; Fig.20 is a sectional view similar to Fig.
18, but showing a fifth embodiment of the present inven-
tion; Fig.21 is a sectional view taken along a line 21-21
in Fig.20; and Fig.22 is a plan view of a valve-operating
system for a four-valve and single-camshaft type inter-
nal combustion engine according to a sixth embodiment
of the present invention.

[0037] Fig.23 is a vertical sectional view of a valve-
operating system for a two-valve and twin-camshaft
type internal combustion engine according to a seventh
embodiment of the present invention; Fig.24 is a sec-
tional view taken along a line 24-24 in Fig.23; Fig.25 is
a sectional view taken along a line 25-25 in Fig.24; Fig.
26 is an enlarged sectional view taken along a line 26-26
in Fig.25 (showing a low-speed mode); Fig.27 is a sec-
tional view taken along a line 27-27 in Fig.26; Fig.28 is
a view for explaining the operation and showing a state
of preparatory to a high-speed mode; and Fig.29 is a
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view for explaining the operation and showing the high-
speed mode.

[0038] Fig.30 is a vertical sectional view of a valve-
operating system for a four-valve and twin-camshaft
type internal combustion engine according to an eighth
embodiment of the present invention; Fig.31 is a sec-
tional view taken along a line 31-31 in Fig.30; Fig.32 is
a sectional view similar to Fig.30, but showing a ninth
embodiment of the present invention; Fig.33 is a sec-
tional view taken along a line 33-33 in Fig.32; Fig.34 is
a sectional view similar to Fig.26, but showing a tenth
embodiment of the present invention; and Fig.35 is a
view taken along a line 35-35 in Fig.34.

[0039] Fig.36is a vertical sectional view similar to Fig.
23, but showing an eleventh embodiment of the present
invention; Fig.37 is a sectional view taken along a line
37-37inFig.36; Fig.38 is an enlarged sectional view tak-
enalong aline 38-38 in Fig.37; Fig.39 is a sectional view
taken along a line 38-38 in Fig.38 (showing a low-speed
mode); Fig.40 is a sectional view taken along a line
40-40 in Fig.39; Fig.41 is a view for explaining the op-
eration and showing a state of preparatory to a higher-
speed mode; and Fig.42 is a view for explaining the op-
eration and showing the high-speed mode.

[0040] Fig.43 is a vertical sectional plan view of a
valve-operating system for a four-valve and single-cam-
shaft type internal combustion engine according to a
twelfth embodiment of the present invention; Fig.44 is a
sectional view taken along a line 44-44 in Fig.43; Fig.45
is an enlarged sectional view taken along a line 45-45
in Fig.43; Fig.46 is an enlarged view of essential por-
tions of Fig. 43 (showing a low-speed mode); and Fig.
47 is a view for explaining the operation and showing a
high-speed mode.

[0041] Fig.48 is a vertical sectional plan view of a
valve-operating system for a four-valve and single-cam-
shaft/three mode type internal combustion engine ac-
cording to a thirteenth embodiment of the presentinven-
tion; Fig.49 is an enlarged view of essential portions of
Fig.48 (showing a low-speed mode); Fig.50 is a view for
explaining the operation, similar to Fig.49, but showing
a medium-speed mode; and Fig.51 is a view for explain-
ing the operation, similar to Fig.49, but showing a high-
er-speed mode. Figs.52A and 52B are a vertical sec-
tional view and a plan view of a conventional valve-op-
erating system.

BEST MODE FOR CARRYING OUT THE INVENTION

[0042] A first embodiment of the present invention
shown in Figs.1 to 8 will be first described.

[0043] Referring to Fig.1 an internal combustion en-
gine is constructed into a two-valve and twin-camshaft
type. More specifically, a single intake valve 3 and a sin-
gle exhaust valve 4 are mounted in correspondence to
one cylinder bore 2 in a cylinder head 1 constituting a
portion of the engine body, and an intake camshaft 5
and an exhaust camshaft 6 are disposed immediately
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above the intake valve 3 and the exhaust valve 4, re-
spectively. The camshafts 5 and 6 are driven from a
crankshaft (not shown) through a timing transmitting de-
vice (not shown), as conventionally normal.

[0044] A valve-operating device D of the present in-
vention is provided between each of the camshafts 5
and 6 and each of the valves 3 and 4. The valve-oper-
ating devices D have the same construction and hence,
the valve-operating device D for the intake valve 3 will
be representatively described below.

[0045] As shown in Figs.2 and 3, a cylindrical subsid-
iary valve lifter 12 is slidably received in a circular lifter
guide bore 8 provided in the cylinder head 1 above the
valve 3. The subsidiary valve lifter 12 comprises a thick-
er head portion 11a having a circular lifter guide bore 7
in its central portion, and a thinner skirt portion 11b ex-
tending downwards from an outer periphery of the head
portion 11a, and a main valve lifter 11 is relatively slid-
ably received in the lifter guide bore 7 in the subsidiary
valve lifter 12. In this case, a key 9 is interposed between
the cylinder head 1 and the subsidiary valve lifter 12 to
inhibit the rotation of the subsidiary valve lifter 12, and
a key 10 is interposed between the main and subsidiary
valve lifters 11 and 12 to inhibit the relative rotation of
the main and subsidiary valve lifters 11 and 12. Upper
surfaces of the valve lifters 11 and 12 are formed as
crowning surface 13 and 14 having buses parallel to an
axis of the camshaft 5.

[0046] On the other hand, a single main cam 15 and
a pair of subsidiary cams 16, 16 are formed on the cam-
shaft 5, so that the main cam 15 is in sliding contact with
the upper surface of the main valve lifter 11, and the sub-
sidiary cams 16, 16 are in sliding contact with opposite
sides of the upper portion of the subsidiary valve lifter
12. There is no difference of height between base circle-
portions of the main and subsidiary cams 15 and 16, but
the lift portion 16a of the subsidiary cam 16 is formed
higher in level than the lift portion 15a of the main cam
15. Therefore, the main cam 15 is used for a low speed,
and the subsidiary cam 16 is used for a high speed.
[0047] The main valve lifter 11 is disposed, so that a
stem head of the valve 3 abuts against a lower surface
of the main valve lifter 11 through a shim 28, and a coiled
valve spring 22 for biasing the valve 3 in a closing direc-
tion, i.e., toward the main cam 15 is mounted between
a flange-shaped retainer 21 fixed to a stem of the valve
3 and the cylinder head 1. A lifter spring 23 for biasing
the subsidiary valve lifter 12 toward the subsidiary cam
16 is mounted between the head portion 11a of the sub-
sidiary valve lifter 12 and the cylinder head 1 in proximity
to an inner surface of the skirt portion 11b.

[0048] As shown inFigs.2, 4 and 5, main and subsid-
iary guide bores 24 and 25 of the same diameter are
respectively provided in the main valve lifter 11 and the
head portions 12a of the subsidiary valve lifter 11 to ex-
tend along diametrical lines thereof, so that when the
base circle-portions of the main and subsidiary cams 15
and 16 are put simultaneously into abutment against the
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upper surfaces of the main and subsidiary valve lifters
11 and 12, i.e., when the upper surfaces of the main and
subsidiary valve lifters 11 and 12 are brought into the
same level, the main guide bore 24 in the main valve
lifter 11 and the subsidiary guide bore 25 in the subsid-
iary valve lifter 12 are brought in line with each other. A
hydraulic pressure chamber 27 is connected to one of
outer ends of the subsidiary guide bore 25 in the sub-
sidiary valve lifter 12 through an annular step 26. The
other outer end of the subsidiary guide bore 25 in the
subsidiary valve lifter 12 is closed by a closing plug 40
fitted in the main valve lifter 11. A subsidiary connecting
plunger 29 is slidably received in a portion of the sub-
sidiary guide bore 25 in the subsidiary valve lifter 12 on
the side of the hydraulic pressure chamber 27, and a
subsidiary return piston 31 is slidably received in a por-
tion of the subsidiary guide bore 25 on the side of the
closing plug 40. A main connecting plunger 30 is slidably
received in the main guide bore 24 in the main valve
lifter 11. A return spring 32 for biasing the return piston
31 toward the hydraulic pressure chamber 27 is accom-
modated between the closing plug 40 and the return pis-
ton 31.

[0049] A connecting means 33 is formed by the main
and subsidiary connecting plungers 30 and 29, the re-
turn piston 31, the hydraulic pressure chamber 27 and
the return spring 32.

[0050] When the connecting plungers 29 and 30 and
the return piston 31 are moved all at once toward the
hydraulic pressure chamber 27, whereby the subsidiary
connecting plunger 29 is put into abutment against the
annular step 26, a non-connecting state of the connect-
ing means 33 is established. At this time, the main and
subsidiary connecting plungers 30 and 29 occupy posi-
tions where the relative sliding movement of the main
and subsidiary valve lifters 11 and 12 is not obstructed.
When the connecting plungers 30 and 29 and the return
piston 31 are moved all at once toward the closing plug
40, whereby the return piston 31 is put into abutment
against the closing plug 40, a connecting state of the
connecting means 33 is established. At this time, the
main and subsidiary connecting plungers 30 and 29 oc-
cupy positions where they traverse a border between
the main and subsidiary valve lifters 11 and 12 to con-
nect the main and subsidiary valve lifters 11 and 12 to
each other.

[0051] Especially, as shown in Figs.4 and 5, the main
connecting plunger 30 is formed slightly longer than the
outside diameter of the main valve lifter 11 with a
processing error in view. In order to avoid the interfer-
ence of opposite ends of the main connecting plunger
30 with the subsidiary valve lifter 12 in the non-connect-
ing state of the connecting means 33, a pair of relief re-
cesses 34 are provided in an inner surface of the sub-
sidiary valve lifter 12 to extend in an axial direction of
the subsidiary valve lifter 12, so that the opposite ends
of the main connecting plunger 30 are received therein.
Each of the recesses 34 is of a U-shape in which it opens
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into the upper surface of the subsidiary valve lifter 12,
as shown in Fig.6, whereby the processing or working
of the recess 34 is facilitated, and a lubricating oil can
be retained therein.

[0052] An oil passage 35 is provided in the cylinder
head 1 to communicate with the hydraulic pressure
chamber 27, and a switchover valve (not shown) is
mounted in the oil passage 35 for selectively connecting
the oil passage 35 to a hydraulic pressure supply source
such as a hydraulic pump and a low-pressure oil reser-
Voir.

[0053] The operation of the first embodiment will be
described below.

[0054] In low and medium speed operational ranges
of the internal combustion engine, the hydraulic pres-
sure chamber 27 is opened into the oil reservoir through
the oil passage 35 to bring the connecting means 33 into
a disconnecting state. If the disconnecting state is pro-
vided, as shown in Fig.5, the subsidiary connecting pis-
ton 29 is retained by a biasing force of the return spring
32 in a position where it is in abutment against the an-
nular step 26 of the subsidiary guide bore 25, and the
opposite ends of the main connecting plunger 30 are
allowed to face to the relief recesses 34, 34, whereby
the connecting means 33 is brought into the non-con-
necting state in which the relative sliding movement of
the valve lifters 11 and 12 is possible, and thus, the
valve-operating device D is brought into a low-speed
mode.

[0055] Therefore, when the camshaft 5 is rotated, the
main cam 15 causes the opening and closing motion of
the valve 3 through the main valve lifter 11 by coopera-
tion with the valve spring 22, but the subsidiary cams 16
only reciprocally move the subsidiary valve lifter 12 use-
lessly with a stroke larger than that of the main valve
lifter 11 by cooperation with the lifter spring 23 and do
not participate in the opening and closing of the valve 3.
Therefore, the opening and closing characteristic of the
valve 3 in this case depends on a cam profile of the main
cam 15 having the small-height lift portion 15a, and the
low-speed and medium-speed performance of the en-
gine can be enhanced.

[0056] Whatis to be remarked is that a stationary end
of the lifter spring 23 for biasing the subsidiary valve lifter
12 toward the subsidiary cams is supported on the cyl-
inder head 1, and a load received from the subsidiary
cams 16 by the lifter spring 23 is received directly on the
cylinder head 1, whereby the valve 3 is prevented from
being influenced by such load. As a result, even if the
subsidiary valve lifter 12 is reciprocally moved with a
stroke larger than that of the main valve lifter 11 to flex
the lifter spring 23 largely, resulting large inertia forces
of the subsidiary valve lifter 12 and the lifter spring 23
cannot be applied to the valve 3. Therefore, itis possible
to prevent the occurrence of the jumping of the valve 3
and to suppress a useless increase in surface pressure
on sliding portions and abutment portions extending
from the main cam 15 to the valve 3 to prevent wears of
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them as much as possible, and a load of the camshaft
5 cannot be increased uselessly.

[0057] When the engine reaches a high-speed oper-
ational range to permit a hydraulic pressure to be sup-
plied from the oil passage 35 to the hydraulic pressure
chamber 27, the subsidiary connecting plunger 29 push-
es the main connecting plunger 30 and the return piston
31 by the action of the hydraulic pressure in the hydrau-
lic pressure chamber 27 against the biasing force of the
return spring 32. However, if the main and subsidiary
cams 15 and 16 are in contact with the upper surfaces
of the main and subsidiary valve lifters 11 and 12 at
points other than the base circle-portions at that time,
positions of the main guide bore 24 in the main valve
lifter 11 and the subsidiary guide bore 25 in the subsid-
iary valve lifter 12 are staggered from each other. There-
fore, the subsidiary connecting plunger 29 is once
stopped in a position where it is in abutment against the
outer peripheral surface of the main valve lifter 11, and
the main connecting plunger 30 is once stopped in abut-
ment against a bottom surface of the relief recess 34 on
the side of the return piston 31, as shown in Fig.7, there-
by providing a switchover preparative state.

[0058] When the base circle-portions of the main and
subsidiary cams 15 and 16 are brought simultaneously
into contact with the upper surfaces of the main and sub-
sidiary valve lifters 11 and 12 from that state, the main
and subsidiary guide bores 24 and 25 in the main and
subsidiary valve lifters 11 and 12 are brought in line with
each other. The period of contact of the base circle-por-
tions with the main and subsidiary valve lifters 11 and
12 is relatively long and hence, the subsidiary connect-
ing plunger 29 urges the main connecting plunger 30 by
the hydraulic pressure in the hydraulic pressure cham-
ber 27, thereby causing the return spring 31 to be put
into abutment against the closing plug 40 (see Fig.8).
The connecting means 33 is brought into the connecting
state in which the relative sliding movement of the valve
lifters 11 and 12 is impossible, and the valve-operating
device D is brought into a high-speed mode.

[0059] Therefore, the subsidiary cams 16 having the
large-height lift portions 16a open and close the valve 3
through the valve lifters 11 and 12 by cooperation with
the valve spring 22, and the small-height lift portion 15a
of the main cam 15 is raced relative to the main valve
lifter 11. The opening/closing characteristic of the valve
3 in this case depends on the cam profile of each of the
subsidiary cams 16 having the large-height lift portions
16a, and an enhancement in high-speed performance
of the engine can be provided.

[0060] What is to be remarked is that the valve spring
22 and the lifter spring 23 exhibit repulsive forces alone
for the valve lifters 11 and 12 connected to each other,
and the sum total of the repulsive forces is applied to
both of the valve lifters 11 and 12. Therefore, notwith-
standing the valve lifters 11 and 12 have been integrat-
ed, resulting in an increased inertia mass, the inertia
forces of the valve lifters 11 and 12 can be suppressed
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effectively, whereby the jumping of the valve 3 is pre-
vented, and moreover, the return responsiveness of the
valve lifters 11 and 12 and accordingly, the closing re-
sponsiveness of the valve 3 can be enhanced to con-
tribute to a further enhancement in high-speed perform-
ance.

[0061] When the engine is returned again to the low-
speed and medium-speed operational ranges, whereby
the hydraulic pressure in the hydraulic pressure cham-
ber 27 is released to the oil reservoir, the following is
obvious: The return piston 31 pushes the main and sub-
sidiary plungers 30 and 29 back to the original positions
with the repulsive force of the return spring 32 and
hence, the connecting means 33 is brought into the non-
connecting state in which the relative sliding movement
of the main and subsidiary valve lifters 11 and 12 is pos-
sible.

[0062] A second embodiment of the present invention
shown in Figs.9 and 10 will be described below.
[0063] Flat abutment faces 60, 61; 60, 61 are formed
on aninner peripheral surface of a subsidiary guide bore
25 in a subsidiary valve lifter 12 and opposite sides of
an outer peripheral surface of a main valve lifter 11 re-
ceived in the subsidiary guide bore 25, so that they are
in abutment against each other for relative sliding move-
ment. A main 24 and a subsidiary guide bore 25 are pro-
vided in the main and subsidiary valve lifters 11 and 12
to extend vertically through the abutment faces 60, 61;
60, 61.

[0064] With such arrangement, the following advan-
tages are provided: Even if a relief recess 34 is not pro-
vided in the inner peripheral surface of the subsidiary
valve lifter 12 as in the previously described embodi-
ment, the interference of opposite ends of a connecting
plunger 31 and a subsidiary valve lifter 12 can be avoid-
ed in a non-connecting state of a connecting means 33.
In addition, even if a key 10 is not interposed between
the main and subsidiary valve lifters 11 and 12 as in the
previously described embodiment, the prevention of the
rotation of the valve lifters 11 and 12 relative to each
other can be achieved.

[0065] Upper surfaces of the main and subsidiary
valve lifters 11 and 12, with which main and subsidiary
cams 15 and 16 are in sliding contact, are formed as flat
surfaces. An annular groove 39 is provided in an inner
peripheral surface of a lifter guide bore 8 in the cylinder
head 1, in which the subsidiary valve lifter 12 is received,
and a hydraulic pressure chamber 27 and an oil pas-
sage 35 are in communication with each other through
the annular groove 39.

[0066] With such arrangement, irrespective of the po-
sition of rotation of the subsidiary valve lifter 12, a state
of the main and subsidiary cams 15 and 16 and the main
and subsidiary valve lifters 11 and 12 where these cams
and lifters are in sliding contact with each other, can be
regulated, and a state of communication between the
hydraulic pressure chamber 27 and the oil passage 35
can be ensured. Therefore, it is unnecessary to inter-
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pose a detent key 9 between the cylinder head 1 and
the subsidiary valve lifter 12 as in the previously de-
scribed embodiment.

[0067] The other constructions are similar to those in
the previously described embodiment and hence, por-
tions or components corresponding to those in the pre-
viously described embodiment are designated by like
reference characters in Figs.9 and 10, and the descrip-
tion of them is omitted.

[0068] A third embodiment of the present invention
shown in Figs.11 to 17 will be described below.

[0069] The third embodiment of the present invention
is also applied to an internal combustion engine of a two-
valve and twin-camshaft type, and the constructions of
valve-operating devices for a pair of intake valves and
a pair of exhaust valves are the same as each other.
Therefore, the valve-operating device D for the intake
valves 3, 3 will be representatively described below.
[0070] A circular lifter guide bore 8 is provided in a
cylinder head 1, and main and subsidiary valve lifters 11
and 12 are slidably received in the lifter guide bore 8.
The main valve lifter 11 is formed into an arcuate shape
and has an outer peripheral surface of a major arc shape
corresponding to an inner peripheral surface of the lifter
guide bore 8, and an axial flat face 11c which connects
opposite end edges of the outer peripheral surface to
each other. The subsidiary valve lifter 12 is likewise
formed into an arcuate shape and has an outer periph-
eral surface of a minor arc shape corresponding to the
inner peripheral surface of the lifter guide bore 8, and a
flat face 12c which connects opposite end edges of the
outer peripheral surface to each other. The valve lifters
11 and 12 are formed, so that they form a single cylin-
drical shape, when their flat faces 11c and 12c are mat-
ed to each other. The valve lifters 11 and 12 are slidably
received in the common lifter guide bore 8 with their flat
faces 11c and 12c mated to each other. In this case, the
flat faces 11c and 12c of the valve lifters 11 and 12 are
disposed in parallel to an axis of the lifter guide bore 8
to extend through between the valve lifters 11 and 12,
so that they can be slid axially relative to each other, and
the individual sliding movement of the valve lifters 11
and 12 in the lifter guide bore 8 is permitted.

[0071] A detentkey 10 is interposed between at least
one of the valve lifters 11 and 12 and the cylinder head 1.
[0072] Each of the main and subsidiary valve lifters
11 and 12 includes a thicker head portion 11a, 12a, and
a thinner arcuate skirt portion 11b, 12b extending down-
wards from a lower surface of the head portion 11a, 12a
and continuous to the arcuate outer peripheral surface.
[0073] On the other hand, the camshaft 5 is formed
with a main cam 15 which is in sliding contact with the
upper surface of the main valve lifter 11, and a subsidi-
ary cam 16 which is in sliding contact with the upper sur-
face of the subsidiary valve lifter 12. There is no differ-
ence of height between base circle-portions of the main
and subsidiary cams 15 and 16, but a lift portion 16a of
the subsidiary cam 16 is formed higher in level than a
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lift portion 15a of the main cam 15. Therefore, the main
cam 15 is used for a lower speed, and the subsidiary
cam 16 is used for a higher speed.

[0074] A stem head of avalve 3 disposed at the center
of the lifter guide bore 8 abuts against a lower surface
of the head portion 11a of the main valve lifter 11 through
a shim 28. A coiled valve spring 22 is mounted between
a flange-shaped retainer 21 fixed to a stem of the valve
3 and the cylinder head 1 for biasing the valve 3 in a
closing direction, i.e., toward the main cam 15. A com-
mon coiled lifter spring 23 is mounted between the lower
surfaces of the head portions 11a and 12a of the main
and subsidiary valve lifters 11 and 12 and the cylinder
head 1 in proximity to inner surfaces of the skirt portions
11b and 12b for biasing the valve lifters 11 and 12 toward
the main and subsidiary cams 15 and 16.

[0075] The head portion 11a of the main valve lifter 11
is provided with a main guide bore 24 which opens into
the flat face 11c, and a hydraulic pressure chamber 27
which leads to the main guide bore 24 through an an-
nular step 26 and opens into an outer periphery. The
head portion 12a of the subsidiary valve lifter 12 is pro-
vided with a bottomed subsidiary guide bore 25 which
opens perpendicularly to the flat face 12c. The main
guide bore 24 is formed longer than the subsidiary guide
bore 25.

[0076] A connecting plunger 30 is slidably received in
the main guide bore 24; a return piston 31 is slidably
received in the subsidiary guide bore 25, and a return
spring 32 is accommodated in the subsidiary guide bore
25 for biasing the return piston 31 toward the main valve
lifter 11. The main and subsidiary guide bores 24 and
25 are formed at the same diameter, so that when the
main and subsidiary cams 15 and 16 are brought simul-
taneously into contact with the upper surfaces of the
main and subsidiary valve lifters 11 and 12, i.e., when
the upper surfaces of the valve lifters 11 and 12 are
brought into the same level, the connecting plunger 30
can be moved into and out of the subsidiary guide bore
25 in the subsidiary valve lifter 12. A connecting means
33 is formed by the connecting plunger 30, the return
piston 31, the return spring 32 and the hydraulic pres-
sure chamber 27.

[0077] When the return piston 31 and the connecting
plunger 30 are moved all at once toward the hydraulic
pressure chamber 27, whereby the return piston 31 is
put into abutment against the annular step 26, a non-
connecting state of the connecting means 33 is estab-
lished. At this time, the connecting plunger 30 occupies
a position where the relative sliding movement of the
main and subsidiary valve lifters 11 and 12 is not ob-
structed. When the return piston 31 and the connecting
plunger 30 are moved all at once toward the subsidiary
guide bore 25, whereby the return piston 31 is put into
abutment against an end wall of the subsidiary guide
bore 25, a connecting state of the connecting means 33
is established. At this time, the connecting plunger 30
occupies a position where it traverses a border between
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the main and subsidiary valve lifters 11 and 12 to restrict
the relative sliding movement of the main and subsidiary
valve lifters 11 and 12.

[0078] Referring to Figs.13 and 14, in order to avoid
the interference of a tip end of the connecting plunger
30 and the subsidiary valve lifter 12 with each other or
the interference of a tip end of the return piston 31 and
the main valve lifter 11 due to a manufacture error in the
non-connecting state of the connecting means 33, a re-
lief recess 34 is provided in at least one of the opposed
flat faces 11c and 12c of the main and subsidiary valve
lifters 11 and 12, e.g., in the flat face 12c of the subsid-
iary valve lifter 12 in the illustrated embodiment to ex-
tend axially, so that abutting end faces of the connecting
plunger 30 and the return piston 31 are received in the
relief recess 34. The relief recess 34 is of a U-shape in
which it opens into the upper surface of the subsidiary
valve lifter 12, as shown in Fig.15, whereby the process-
ing or working of the relief recess 34 is facilitated, and
a lubricating oil can be retained therein.

[0079] An oil passage 35 is provided in the cylinder
head 1 to communicate with the hydraulic pressure
chamber 27, and a switchover valve (not shown) is
mounted in the oil passage 35 for selectively connecting
the oil passage 35 to a hydraulic pressure supply source
such as a hydraulic pump and a low-pressure oil reser-
VOir.

[0080] The operation of the third embodiment will be
described below.

[0081] In low and medium speed operational ranges
of the internal combustion engine, the hydraulic pres-
sure chamber 27 is opened into the oil reservoir through
the oil passage 35 to bring the connecting means 33 into
a disconnecting state. If the disconnecting state is pro-
vided, the return piston 31 retains the connecting plung-
er 30 by a biasing force of the return spring 32 in a po-
sition where it is in abutment against the annular step
26 of the main guide bore 24, as shown in Fig.14. At this
time, the tip end of the connecting plunger 30 is allowed
to face to the relief recess 34, and the connecting means
33 is brought into the non-connecting state in which the
relative sliding movement of the valve lifters 11 and 12
is possible, and thus, the valve-operating device D is
brought into a low-speed mode.

[0082] Therefore, when the camshaft 5 is rotated, the
main cam 15 causes the opening and closing motion of
the valve 3 through the main valve lifter 11 by coopera-
tion with the valve spring 22, but the subsidiary cam 16
only reciprocally moves the subsidiary valve lifter 12
uselessly with a stroke larger than that of the main valve
lifter 11 by cooperation with the lifter spring 23 and does
not participate in the opening and closing of the valve 3.
Therefore, the opening and closing characteristic of the
valve 3 in this case depends on a cam profile of the main
cam 15 having the small-height lift portion 15a, and the
low-speed and medium-speed performance of the en-
gine can be enhanced.

[0083] The upper end of the lifter spring 23 is in abut-
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ment against lower surfaces of the head portions 11a
and 12a of the main and subsidiary valve lifters 11 and
12 and hence, is inclined with the relative sliding move-
ment of the valve lifters 11 and 12 due to a difference
between lifts of the main and subsidiary cams 15 and
16. However, the difference between the lifts is relatively
small and hence, the inclination is also slight and hence,
the lifter spring 23 bears no burden.

[0084] The lifter spring 23 for biasing the main valve
lifter 11 toward the subsidiary cam is supported at its
stationary end, i.e., at its lower end on the cylinder head
1 and hence, a load received from the subsidiary cam
16 by the lifter spring 23 is received directly on the cyl-
inder head 1 and does not influence on the valve 3 at
all. Therefore, even if the subsidiary valve lifter 12 is re-
ciprocally moved at a stroke larger than that of the main
valve lifter 11 to flex the lifter spring 23 largely, resulting
large inertia forces of the subsidiary valve lifter 12 and
the lifter spring 23 cannot be applied to the valve 3.
Thus, it is possible to prevent the occurrence of the
jumping of the valve 3 and to suppress a useless in-
crease in surface pressure on sliding portions and abut-
ment portions extending from the main cam 15 to the
valve 3 to prevent wears of them as much as possible,
and a load of the camshaft 5 cannot be increased use-
lessly.

[0085] When the engine then reaches a high-speed
operational range to permit a hydraulic pressure to be
supplied from the oil passage 35 to the hydraulic pres-
sure chamber 27, the connecting plunger 30 pushes the
return piston 31 by the action of the hydraulic pressure
in the hydraulic pressure chamber 27 against the bias-
ing force of the return spring 32. However, if the main
and subsidiary cams 15 and 16 are in contact with the
upper surfaces of the main and subsidiary valve lifters
11 and 12 at points other than the base circle-portions
at that time, positions of the main guide bore 24 and the
subsidiary guide bore 25 are staggered from each other.
Therefore, the connecting plunger 30 is once stopped
in a position where it is in abutment against a side face
of the subsidiary valve lifter 12, i.e., a bottom surface of
the relief recess 34, as shown in Fig.16, thereby provid-
ing a switchover preparative state.

[0086] When the base circle-portions of the main and
subsidiary cams 15 and 16 are brought simultaneously
into contact with the upper surfaces of the main and sub-
sidiary valve lifters 11 and 12 from that state, the main
and subsidiary guide bores 24 and 25 are broughtin line
with each other. The period of contact of the base circle-
portions with the main and subsidiary valve lifters 11 and
12 is relatively long and hence, the connecting plunger
30 urges the return piston 31 by the hydraulic pressure
in the hydraulic pressure chamber 27 against the bias-
ing force of the return spring 32, thereby putting the re-
turn spring 31 into abutment against the end wall of the
main guide bore 24 (see Fig.17). Thus, the connecting
means 33 is brought into the connecting state in which
the relative sliding movement of the valve lifters 11 and
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12 is impossible, and the valve-operating device D is
brought into a high-speed mode.

[0087] Therefore, the subsidiary cam 16 having the
large-height lift portions 16a opens and closes the valve
3 through the valve lifters 11 and 12 by cooperation with
the valve spring 22, and the small-height lift portion 15a
of the main cam 15 is raced relative to the main valve
lifter 11. The opening/closing characteristic of the valve
3 in this case depends on the cam profile of the subsid-
iary cam 16 having the large-height lift portion 16a, and
an enhancement in high-speed performance of the en-
gine can be provided.

[0088] In this case, the valve spring 22 and the lifter
spring 23 in a parallel relation to each other exhibit re-
pulsive forces to the valve lifters 11 and 12 in their con-
nected states and ' hence, a sum total of the repulsive
forces is applied to both of the valve lifters 11 and 12.
Therefore, notwithstanding the valve lifters 11 and 12
have been integrated, resulting in an increased inertia
mass, the inertia forces of the valve lifters 11 and 12 can
be suppressed effectively, whereby the jumping of the
valve 3 is prevented, and moreover, the return respon-
siveness of the valve lifters 11 and 12 and accordingly,
the closing responsiveness of the valve 3 can be en-
hanced to contribute to a further enhancement in high-
speed performance.

[0089] When the engine is returned again to the low-
speed and medium-speed operational ranges, whereby
the hydraulic pressure in the hydraulic pressure cham-
ber 27 is released to the oil reservoir, the following is
obvious: The return piston 31 pushes the connecting
plungers 30 back to the original positions with the repul-
sive force of the return spring 32 and hence, the con-
necting means 33 is brought into the non-connecting
state in which the relative sliding movement of the main
and subsidiary valve lifters 11 and 12 is possible.
[0090] The main and subsidiary valve lifters 11 and 12
are formed into arcuate shapes, so that when their flat
faces 11c and 12c are mated to each other, a single cy-
lindrical shape is formed. The main guide bore 24 is pro-
vided in the main valve lifter 11 to open into the flat face
11c¢, so that the connecting plunger 30 is received in the
main guide bore 24, and the subsidiary guide bore 25 is
provided in the subsidiary valve lifter 12 to open into the
flat faces 12c, so that the return piston 31 is received in-
the subsidiary guide bore 25. Therefore, it is possible to
perform the prevention of the relative rotation of the
main and subsidiary valve lifters 11 and 12 without chat-
tering by the abutment of the wide flat faces 11c and 12c
against each other and hence, even if a special posi-
tioning means is not provided, the main and subsidiary
guide bores 24 and 25 can be brought easily and prop-
erly in line with each other. Moreover, the two members:
the connecting plunger 30 and the return piston 31 suf-
fice as sliding members used in the connecting means
33 and hence, it is possible to provide a remarkable re-
duction in number of parts.

[0091] In addition, the main valve lifter 11 is formed
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into a major arc shape, and the connecting plunger 30
is supported in the relatively long main guide bore 24
provided in the main valve lifter 11. Therefore, a long
support span of the connecting plunger 30 can be en-
sured and hence, in the connecting state of the connect-
ing means 33, the falling of the connecting plunger 30
can be suppressed to the minimum, and hence, a good
state in which the valve lifters 11 and 12 have been con-
nected to each other can be provided.

[0092] A fourth embodiment of the present invention
shown in Figs.18 and 19 will be described below.
[0093] The forth embodiment of the present invention
is applied to an four-valve type internal combustion en-
gine including a pair of parallel intake valves 3, 3 and a
pair of parallel exhaust valves (not shown). An intake
camshaft 5 and an exhaust camshaft (not shown) are
disposed immediately above the pair of intake valves 3,
3 and the pair of exhaust valves to extend in a direction
of arrangement of the intake valves 3, 3 and in a direc-
tion of arrangement of the exhaust valves, respectively.
Two sets of main and subsidiary valve lifters 11, 12; 11,
12 are mounted in correspondence to the pair of valves
3, 3. In this case, flat faces 46, 46 are formed on one-
sides of outer peripheral surfaces of the main valve lifter
11, 11 of each pair, and the two sets of main and sub-
sidiary valve lifters 11, 12; 11, 12 are disposed adjacent
each other in such a manner that the flat faces 46, 46
are in abutment against each other. A pair of lifter guide
bores 8, 8 are provided in the cylinder head 1 to receive
the two sets of main and subsidiary valve lifters 11, 12;
11, 12 therein for sliding movement, and disposed in a
partially overlapped relation. The flat faces 46, 46 are
disposed at a border between the lifter guide bores 8, 8.
[0094] With such arrangement, the disposition of the
two sets of main and subsidiary valve lifters 11, 12; 11,
12 in proximity to each other, in other words, the dispo-
sition of the pair of valves 3, 3 in proximity to each other
is possible to achieve the compactness of the engine.
Moreover, the adjoining main valve lifters 11, 11 restrict
the rotation relative to each other by the abutment of the
flat faces 46, 46 against each other and hence, it is un-
necessary to insert a detent key into between the main
and subsidiary valve lifters 11 and 12 in each pair and
the lifter guide bore 8, which can contribute to the sim-
plification of the arrangement.

[0095] An oil passage 35 connected to hydraulic pres-
sure chambers 27, 27 in the adjoining main valve lifters
11, 11 is provided as common one. This enables the oil
passage 35 in the entire valve-operating device D to be
simplified.

[0096] The other constructions are the same as in the
first embodiment and hence, portions or components
corresponding to those in the third embodiment are des-
ignated by like reference characters in Figs.18 and 19,
and the description of them is omitted.

[0097] A fifth embodiment of the present invention
shown in Figs.11 and 12 will be described below.
[0098] In the fifth embodiment, left one 3' of a pair of
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left and right intake valves 3' and 3 is stopped in a low-
speed operational range of the engine. In order to en-
sure that the left intake valve 3' can be stopped, a left
main cam 15' has substantially no lift portion. However,
in order to avoid the residence of a fuel in a correspond-
ing intake port 1i' during stoppage of the intake valve 3',
an extremely small-height lift portion may be formed on
the main cam 15', so that the intake valve 3' can be
opened at a very small opening degree in an intake
stroke of the engine. A hydraulic pressure is supplied
individually to left and right hydraulic pressure chambers
27' and 27 through a pair of oil passages 35' and 35,
respectively.

[0099] The other constructions are the same as in the
fourth embodiment and hence, portions or components
corresponding to those in the fourth embodiment are
designated by like reference characters in Figs.20 and
21, and the description of them is omitted.

[0100] Thus, in a low-speed range of the engine, the
left and right hydraulic pressure chambers 27' and 27
are opened into oil reservoirs through the oil passages
35" and 35, respectively, thereby bringing left and right
connecting means 33, 33 into their disconnecting states.
Therefore, main and subsidiary valve lifters 11 and 12
individually corresponding to the left and right intake
valves 3' and 3 are operable individually. Therefore, the
main valve lifter 11 in sliding contact with a main cam
15' having no lift portion is substantially not operated
and thus, the intake valve 3' is retained in a stopped
state in which it has been closed by a corresponding
valve spring 22. On the other hand, a right main cam 15
having a lift portion 15a opens the intake valve 3 through
the corresponding main valve lifter 11 in an intake stroke
of the engine, as in each of the previously described em-
bodiments. Therefore, both of air and a fuel are drawn
through only the right intake port 1iinto the cylinder bore,
where a swirl is produced to improve the mixing of the
air and the fuel, thereby enabling the burning of a lean
air-fuel mixture to contribute to a reduction in fuel con-
sumption.

[0101] When the engine is brought into a medium-
speed operational range, a hydraulic pressure is sup-
plied only to the right hydraulic pressure chamber 27
through the oil passage 35, whereby only the right con-
necting means 33 is brought into its connecting state.
Therefore, the right intake valve 3 is opened largely in
the intake stroke of the engine through the right main
and subsidiary valve lifters 11 and 12 by the large-height
lift portion 16a of the right subsidiary cam 16 and hence,
the amount of air-fuel mixture drawn can be increased,
leading to an enhancement in medium-speed output
performance of the engine.

[0102] When the engine reaches a high-speed oper-
ational range, the hydraulic pressure is supplied from
the oil passages 35' and 35 to both of the left and right
hydraulic pressure chambers 27' and 27 to bring both
of the connecting means 33, 33 into their connecting
states, thereby connecting the main and subsidiary
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valve lifters 11 and 12 in each pair to each other. There-
fore, both of the intake valves 3' and 3 are opened large-
ly in the intake stroke of the engine by the large-height
lift portions 16a, 16a of the left and right subsidiary cams
16, 16 through the corresponding valve lifters 11, 12; 11,
12 and hence, a large amount of the air-fuel mixture can
be drawn, leading to an enhancementin high-speed out-
put performance of the engine.

[0103] A sixth embodiment of the present invention
shown in Fig.22 will be described below.

[0104] The sixth embodiment is applied to a four-
valve type internal combustion engine designed so that
a pair of intake valves 3, 3 and a pair of exhaust valves
4, 4 are opened and closed by a single common cam-
shaft 50. More specifically, a plurality of sets of main and
subsidiary cams 15 and 16 are formed in the camshaft
50 in correspondence to the pair of intake valves 3, 3
and the pair of exhaust valves 4, 4. The corresponding
main cam 15 and main valve lifter 11 are operatively
connected to each other, and the corresponding subsid-
iary cam 16 and the subsidiary valve lifter 12 are oper-
atively connected to each other, in both cases through
main and subsidiary rocker arms 51 and 52 swingably
carried in the cylinder head 1. Reference character 53
is a rocker shaft on which the rocker arms 51, 52 are
carried.

[0105] The other constructions are the same as those
in the fourth embodiment and hence, portions or com-
ponents corresponding to those in the fourth embodi-
ment are designated by like reference characters in Fig.
22, and the description of them is omitted.

[0106] A seventh embodiment of the present inven-
tion shown in Figs.23 to 29 will be described below.
[0107] The seventh embodiment of the presentinven-
tion is applied to a valve-operating system in an internal
combustion engine of a two-valve and twin-camshaft
type. Only the valve-operating device D on the side of
an intake valve 3 will be described below.

[0108] As shown in Figs.23 and 24, a circular lifter
guide bore 8 is provided in a cylinder head 1 above an
intake valve 3, and main and subsidiary valve lifters 11
and 12 are slidably received in the lifter guide bore 8.
The main valve lifter 11 is formed into an arcuate shape
and has an outer peripheral surface of a major arc shape
corresponding to an inner peripheral surface of the lifter
guide bore 8, and an axial flat face 11¢c which connects
opposite end edges of the outer peripheral surface to
each other. The subsidiary valve lifter 12 is likewise
formed into an arcuate shape and has an outer periph-
eral surface of a minor arc shape corresponding to an
inner peripheral surface of the lifter guide bore 8, and a
flat face 12c¢ which connects opposite end edges of the
outer peripheral surface to each other. The valve lifters
11 and 12 are formed so that when their flat faces 11c
and 12c are mated to each other, a single cylindrical
shape is formed. The valve lifters 11 and 12 are slidably
received in the common lifter guide bore 8 with their flat
faces 11c and 12c mated to each other. In this case, the
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flat faces 11c and 12c of the valve lifters 11 and 12 are
disposed in parallel to an axis of the lifter guide bore 8
to traverse through between valve lifters 11 and 12, so
that they can be axially slid relative to each other, and
the individual sliding movement of the valve lifters 11
and 12 in the lifter guide bore 8 is permitted.

[0109] A detentkey 10 is interposed between at least
one of the valve lifters 11 and 12 and the cylinder head
1, thereby the main and subsidiary valve lifters 11 and
12 are positioned, so that their flat faces 11c and 12c
are perpendicular to the axis of a camshaft 5.

[0110] Each of the main and subsidiary valve lifters
11 and 12 includes a thicker head portion 11a, 12a, and
a thinner arcuate skirt portion 11b, 12b extending down-
wards from a lower surface of the head portion 11a, 12a
and continuous to the arcuate outer peripheral surface.
The head portions 11a and 12a of the main and subsid-
iary valve lifters 11 and 12 are provided with main and
subsidiary roller housings 13 and 14, in which main and
subsidiary rollers 19 and 20 are accommodated. The
main and subsidiary rollers 19 and 20 are rotatably car-
ried on main and subsidiary roller support shafts 17 and
18 press-fitted into the main and subsidiary valve lifters
11 and 12 with needle bearings 37 and 38 interposed
therebetween, respectively. In this case, the main and
subsidiary roller support shafts 17 and 18 are disposed
to cross the main and subsidiary valve lifters 11 and 12
from their flat faces 11c and 12c to their outer peripheral
surfaces on the opposite side in parallel to the axis of
the camshaft 5, respectively.

[0111] On the other hand, the camshaft 5 is formed
with a main cam 15 which is in contact with an upper
surface of the main roller 19, and a subsidiary cam 16
which is in contact with an upper surface of the subsid-
iary roller 20. There is no difference of height between
base circle-portions of the main and subsidiary cams 15
and 16, but a lift portion 16a of the subsidiary cam 16 is
formed higher in level than a lift portion 15a of the main
cam 15. Therefore, the main cam 15 is used for a low
speed, and the subsidiary cam 16 is used for a high
speed. In order to avoid the interference of the main and
subsidiary cams 15 and 16 and upper end faces of the
main and subsidiary valve lifters 11 and 12 with each
other, the main and subsidiary rollers 19 and 20 are dis-
posed, so that their upper surfaces protrude at a prede-
termined height from the upper end faces of the main
and subsidiary valve lifters 11 and 12.

[0112] The subsidiary roller housing 14 has a bottom
surface opened, so that a lower surface of the subsidiary
roller 20 is also exposed, in order to reduce the weight
of the head portion 11a of the main valve lifter 11 to the
utmost, but the main roller housing 13 is provided with
a bottom wall 13a which covers a lower surface of the
main roller 19, and a stem end of the valve 3 disposed
at the center of the lifter guide bore 8 is in abutment
against a lower surface of the bottom wall 13a through
a shim 28. A coiled valve spring 22 is mounted between
a flange-shaped retainer 21 fixed to a stem of the valve
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3 and the cylinder head 1 for biasing the valve 3 in a
closing direction, i.e., toward the main cam 15. A com-
mon coiled lifter spring 23 for biasing the valve lifters 11
and 12 toward the main and subsidiary cams 15 and 16
is mounted between lower surfaces of the head portions
11a and 12a of the main and subsidiary valve lifters 11
and 12 and the cylinder head 1 in proximity to inner sur-
faces of the skirt portions 11b and 12b.

[0113] The main roller support shaft 17 is provided
with a main guide bore 24 which opens perpendicularly
to the flat face 11c, and a hydraulic pressure chamber
27 which leads to the main guide bore 24 through an
annular step 26 and opens into the arcuate outer periph-
eral surface. The subsidiary roller support shaft 18 is
provided with a bottomed subsidiary guide bore 25
which opens perpendicularly to the flat face 12c. The
main guide bore 24 is formed longer than the subsidiary
guide bore 25.

[0114] A connecting plunger 30 is slidably received in
the main guide bore 24. A return piston 31 is slidably
received in the subsidiary guide bore 25, and a return
spring 32 is accommodated in the subsidiary guide bore
25 for biasing the return piston 31 toward the main valve
lifter 11. The main and subsidiary guide bores 24 and
25 are formed at the same diameter, so that when the
main and subsidiary cams 15 and 16 are brought simul-
taneously into contact with upper surface of the main
and subsidiary valve lifters 11 and 12, i.e., when the up-
per surface of the main and subsidiary valve lifters 11
and 12 are brought into the same level, the connecting
plunger 30 can be moved into and out of the subsidiary
guide bore 25 in the subsidiary valve lifter 42. A con-
necting means 33 is formed by the connecting plunger
30, the return piston 31, the return spring 32 and the
hydraulic pressure chamber 27.

[0115] Thus, when the return piston 31 and the con-
necting plunger 30 are moved all at once toward the hy-
draulic pressure chamber 27, whereby the return piston
31 is put into abutment against the annular step 26, a
non-connecting state of the connecting means 33 is es-
tablished. At this time, the connecting plunger 30 occu-
pies a position in which the relative sliding movement of
the main and subsidiary valve lifters 11 and 12 is not
obstructed. When the return piston 31 and the connect-
ing plunger 30 are moved all at once toward the subsid-
iary guide bore 25, whereby the return piston 31 is put
into abutment against an end wall of the subsidiary
guide bore 25, a connecting state of the connecting
means 33 is established. At this time, the connecting
plunger 30 occupies a position in which it crosses a bor-
der between the valve lifters 11 and 12 to restrict the
relative sliding movement of the valve lifters 11 and 12.
[0116] Referring to Figs.25 and 26, in order to avoid
the interference of a tip end of the connecting plunger
30 and an opening of the guide bore 25 in the corre-
sponding subsidiary valve lifter 12 with each other or the
interference of a tip end of the return piston 31 and an
opening of the guide bore 24 in the corresponding main
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valve lifter 11 due to a manufacture error in the non-con-
necting state of the connecting means 33, arelief recess
34 is provided in at least one of the opposed flat faces
11c and 12c of the main and subsidiary valve lifters 11
and 12, e.g., in the flat face 12c of the subsidiary valve
lifter 12 in the illustrated embodiment to extend axially,
so that abutting end faces of the connecting plunger 30
and the return piston 31 are received in the relief recess
34. The reliefrecess 34 is of a U-shape in which it opens
into the upper surface of the subsidiary valve lifter 12,
as shown in Fig.27, whereby the processing or working
of the relief recess 34 is facilitated; and a lubricating oil
can be retained therein.

[0117] An oil passage 35 is provided in the cylinder
head 1 to communicate with the hydraulic pressure
chamber 27. A switchover valve (not shown) is mounted
in the oil passage 35, so that it can selectively connect
the oil passage 35 to a hydraulic pressure supply source
such as a hydraulic pump and a lower-pressure oil res-
ervoir.

[0118] The operation of the seventh embodiment will
be described below.

[0119] Inalow-speed and medium-speed operational
ranges of the internal combustion engine, the hydraulic
pressure chamber 27 is opened into the oil reservoir
through the oil passage 35 to bring the connecting
means 33 into its disconnecting state. If the disconnect-
ing state is provided, as shown in Fig.26, the return
spring 31 retains the connecting plunger 30 with the bi-
asing force of the return spring 32 in a position where it
is in abutment against the annular step 26 of the main
guide bore 24. At this time, the tip end of the connecting
plunger 30 faces to the relief recess 34, and the con-
necting means 33 is brought into its non-connecting
state in which the relative sliding movement of the valve
lifters 11 and 12 is possible and thus, the valve-operat-
ing device D is brought into a low-speed mode. When
the camshaft 5 is rotated in the low-speed mode, the
main and subsidiary cams 15 and 16 are rotated, while
being always in contact with the corresponding main
and subsidiary rollers 19 and 20. Therefore, the move-
ment corresponding to profiles of the main and subsid-
iary cams 15 and 16 can be provided smoothly to the
main and subsidiary valve lifters 11 and 12 by the rota-
tion of the main and subsidiary rollers 19 and 20 about
the main and subsidiary roller support shafts 17 and 18.
Moreover, each of upper end faces of the main and sub-
sidiary valve lifters 11 and 12, which are not in sliding
contact with the main and subsidiary cams 16, only
needs to have an extent enough to ensure that the main
and subsidiary roller housings 13 and 14 are opened
and hence, it is possible to achieve reductions in diam-
eters of the main and subsidiary valve lifters 11 and 12
and accordingly, a reduction in size of the valve-operat-
ing device D.

[0120] The main cam 15 provides the opening and
closing motions to the valve 3 through the main valve
lifter 11 by cooperation with the valve spring 22, but the
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subsidiary cam 16 only reciprocally moves the subsidi-
ary valve lifter 12 uselessly with a stroke larger than that
of the main valve lifter 11 by cooperation with the lifter
spring 23 and does not participate in the opening and
closing of the valve 3. Therefore, the opening and clos-
ing characteristic of the valve 3 in this case depends on
a cam profile of the main cam 15 having the small-height
lift portion 15a, and the low-speed and medium-speed
performance of the engine can be enhanced.

[0121] The upper end of the lifter spring 23 is in abut-
ment against lower ends of the head portions 11a and
12a of the main an subsidiary valve lifters 11 and 12 and
hence, are inclined with the relative sliding movement
of the valve lifters 11 and 12 due to a difference between
lifts of the main and subsidiary cams 15 and 16. How-
ever, the difference between the lifts is relatively small
and hence, the inclination is also slight and hence, the
lifter spring 23 bears no burden.

[0122] The lifter spring 23 for biasing the main valve
lifter 11 toward the subsidiary cam is supported at its
stationary end, i.e., at its lower end on the cylinder head
1 and hence, a load received from the subsidiary cam
16 by the lifter spring 23 is received directly on the cyl-
inder head 1 and does not influence on the valve 3 at
all. Therefore, even if the subsidiary valve lifter 12 is re-
ciprocally moved at a stroke larger than that of the main
valve lifter 11 to flex the lifter spring 23 largely, resulting
large inertia forces of the subsidiary valve lifter 12 and
the lifter spring 23 cannot be applied to the valve 3.
Thus, it is possible to prevent the occurrence of the
jumping of the valve 3 and to suppress a useless in-
crease in surface pressure on sliding portions and abut-
ment portions extending from the main cam 15 to the
valve 3 to prevent wears of them as much as possible,
and a load of the camshaft 5 cannot be increased use-
lessly.

[0123] When the engine then reaches a high-speed
operational range to permit a hydraulic pressure to be
supplied from the oil passage 35 to the hydraulic pres-
sure chamber 27, the connecting plunger 30 pushes the
return piston 31 by the action of the hydraulic pressure
in the hydraulic pressure chamber 27 against the-bias-
ing force of the return spring 32. However, if the main
and subsidiary cams 15 and 16 are in contact with the
main and subsidiary rollers 19 and 20 at points other
than the base circle-portions at that time, positions of
the main guide bore 24 and the subsidiary guide bore
25 are staggered from each other. Therefore, the con-
necting plunger 30 is once stopped in a position where
it is in abutment against a side face of the subsidiary
valve lifter 12, i.e., a bottom surface of the relief recess
34, as shown in Fig.28, thereby providing a switchover
preparative state.

[0124] When the base circle-portions of the main and
subsidiary cams 15 and 16 are brought simultaneously
into contact with the main and subsidiary rollers 19 and
20 from that state, the main and subsidiary guide bores
24 and 25 are brought in line with each other. The period



27 EP 1273771 A1 28

of contact of the base circle-portions with the main and
subsidiary rollers 19 and 20 is relatively long and hence,
the connecting plunger 30 urges the return piston 31 by
the hydraulic pressure in the hydraulic pressure cham-
ber 27 against the biasing force of the return spring 32,
thereby putting the return spring 31 into abutment
against the end wall of the main guide bore 24 (see Fig.
29). Thus, the connecting means 33 is brought into the
connecting state in which the relative sliding movement
of the valve lifters 11 and 12 is impossible, and the valve-
operating device D is brought into a high-speed mode.
[0125] Therefore, the subsidiary cam 16 having the
large-height lift portions 16a opens and closes the valve
3 through the valve lifters 11 and 12 by cooperation with
the valve spring 22, and the smaller-height lift portion
15a of the main cam 15 is raced relative to the main
roller 19. The opening/closing characteristic of the valve
3 in this case depends on the profile of the subsidiary
cam 16 having the larger-height lift portion 16a, and an
enhancement in high-speed performance of the engine
can be provided.

[0126] In this case, the valve spring 22 and the lifter
spring 23 in a parallel relation to each other exhibit re-
pulsive forces to the valve lifters 11 and 12 in their con-
nected states and hence, a sum total of the repulsive
forces is applied to both of the valve lifters 11 and 12.
Therefore, notwithstanding the valve lifters 11 and 12
have been integrated, resulting in an increased inertia
mass, the inertia forces of the valve lifters 11 and 12 can
be suppressed effectively, whereby the jumping of the
valve 3 is prevented, and moreover, the return respon-
siveness of the valve lifters 11 and 12 and accordingly,
the closing responsiveness of the valve 3 can be en-
hanced to contribute to a further enhancement in high-
speed performance.

[0127] When the engine is returned again to the low-
speed and medium-speed operational ranges, whereby
the hydraulic pressure in the hydraulic pressure cham-
ber 27 is released to the oil reservoir, the following is
obvious: The return piston 31 pushes the connecting
plunger 30 back to the original position with the repulsive
force of the return spring 32 and hence, the -connecting
means 33 is brought into the non-connecting state in
which the relative sliding movement of the main and
subsidiary valve lifters 11 and 12 is possible.

[0128] The main and subsidiary valve lifters 11 and 12
are formed into arcuate shapes, so that when their flat
faces 11c and 12c are mated to each other, a single cy-
lindrical shape is formed. The main guide bore 24 is pro-
vided in the main valve lifter 11 to open into the flat face
11c¢, so that the connecting plunger 30 is received in the
main guide bore 24, and the subsidiary guide bore 25 is
provided in the subsidiary valve lifter 12 to open into the
flat faces 12c, so that the return piston 31 is received in
the subsidiary guide bore 25. Therefore, it is possible to
perform the prevention of the relative rotation of the
main and subsidiary valve lifters 11 and 12 without chat-
tering by the abutment of the wide flat faces 11c and 12c
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against each other and hence, even if a special posi-
tioning means is not provided, the main and subsidiary
guide bores 24 and 25 can be brought easily and prop-
erly in line with each other. Moreover, the two members:
the connecting plunger 30 and the return piston 31 suf-
fice as sliding members used in the connecting means
33 and hence, it is possible to provide a remarkable re-
duction in number of parts.

[0129] In addition, the main valve lifter 11 is formed
into a major arc shape, and the relatively long main
guide bore 24 supporting the connecting plunger 30
therein is provided in the relatively long main roller sup-
port shaft 17 secured to the main valve lifter 11. There-
fore, a long support span of the connecting plunger 30
can be ensured and hence, in the connecting state of
the connecting means 33, the falling of the connecting
plunger 30 can be suppressed to the minimum and
hence, a good state in which the valve lifter 11 and 12
have been connected to each other can be provided.
Moreover, the compactness of the main and subsidiary
valve lifter 11 and 12 can be achieved by the concentric
disposition of the main roller support shaft 17 and the
connecting plunger 30 as well as the concentric dispo-
sition of the main roller support shaft 17 and the return
piston 31.

[0130] An eighth embodiment of the presentinvention
shown in Figs.30 and 31 will be described below.
[0131] The eighth embodiment of the present inven-
tion is applied to a four-valve and twin-camshaft type
internal combustion engine. Only a valve-operating de-
vice D on the side of intake valves 3, 3 will be described
below.

[0132] Two sets of main and subsidiary valve lifters
11, 12; 11, 12 are mounted in correspondence to a pair
of intake valves 3, 3. In this case, each of flat faces 36,
36 is formed on one-side of an outer peripheral surface
of each of the main valve lifters 11, 11 in each set, and
the two sets of main and subsidiary valve lifters 11, 12;
11, 12 are mounted adjacent to each other in such a
manner that the flat faces 36, 36 are in abutment against
each other. A pair of lifter guide bores 8, 8 are provided
in the cylinder head 1 to receive the two sets of main
and subsidiary valve lifters 11, 12; 11, 12 therein for slid-
ing movement, and disposed in a partially overlapped
relation. The flat faces 36, 36 are disposed at a border
between the lifter guide bores 8, 8.

[0133] With such arrangement, the disposition of the
two sets of main and subsidiary valve lifters 11, 12; 11,
12 in proximity to each other, in other words, the dispo-
sition of the pair of valves 3, 3 in proximity to each other
is possible to achieve the compactness of the engine.
Moreover, the adjoining main valve lifters 11, 11 restrict
the rotation relative to each other by the abutment of the
flat faces 36, 36 against each other and hence, it is un-
necessary to insert a detent key into between the main
and subsidiary valve lifters 11 and 12 in each pair and
the lifter guide bore 8, which can contribute to the sim-
plification of the arrangement.
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[0134] Anoil passage 35 connected to hydraulic pres-
sure chambers 27, 27 in the adjoining main valve lifters
11, 11 is provided as common one. This enables the oil
passage 35 in the entire valve-operating device D to be
simplified.

[0135] The other constructions are the same as in the
first embodiment and hence, portions or components
corresponding to those in the seventh embodiment are
designated by like reference characters in Figs.30 and
31, and the description of them is omitted.

[0136] A ninth embodiment of the present invention
shown in Figs.32 and 33 will be described below.
[0137] In the ninth embodiment of the present inven-
tion, left one 3' of a pair of left and right intake valves 3'
and 3 is stopped in a low-speed operational range of the
engine. In order to ensure that the left intake valve 3'
can be stopped, a left main cam 15' has substantially no
lift portion. However, in order to avoid the residence of
a fuel in the corresponding intake port 1i' during stop-
page of the intake valve 3', a extremely small-height lift
portion may be formed on the main cam 15' during the
intake stroke of the engine, so that the intake valve 3'
can be opened at a very small opening degree. A hy-
draulic pressure is supplied individually to left and right
hydraulic pressure chambers 27' and 27 through a pair
of oil passages 35' and 35, respectively.

[0138] The other constructions are the same as in the
eighth embodiment and hence, portions or components
corresponding to those in the second embodiment are
designated by like reference characters in Figs.32 and
33, and the description of them is omitted.

[0139] Thus, in a low-speed operational range of the
engine, the left and right hydraulic pressure chambers
27'and 27 are opened into oil reservoirs through the pair
of oil passages 35' and 35, respectively, thereby bring-
ing left and right connecting means 33, 33 into their dis-
connecting states. Therefore, the main and subsidiary
valve lifters 11 and 12 corresponding to the left and right
intake valves 3' and 3 are operable individually and
hence, the main valve lifter 11 in sliding contact with the
main cam 15' having no lift portion is not substantially
operated, and the intake valve 3' is retained in its
stopped state in which it has been closed by the corre-
sponding valve spring 22. On the other hand, the right
main cam 15 having the lift portion 15a opens the intake
valve 3 through the corresponding main valve lifter 11
in an intake stroke of the engine, as in each of the pre-
viously described embodiments. Therefore, air is drawn
into the cylinder bore along with the fuel through only
the right intake port 1i, where a swirl is produced to im-
prove the mixing of the air and the fuel, thereby enabling
the burning of a lean air-fuel mixture to contribute to a
reduction in fuel consumption.

[0140] When the engine is brought into a medium-
speed operational range, a hydraulic pressure is sup-
plied only to the right hydraulic pressure chamber 27
through the oil passage 35, whereby only the right con-
necting means 33 is brought into its connecting state.
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Therefore, the right intake valve 3 is opened largely in
the intake stroke of the engine through the right main
and subsidiary valve lifters 11 and 12 by the large-height
lift portion 16a of the right subsidiary cam 16 and hence,
the amount of air-fuel mixture drawn can be increased,
leading to an enhancement in medium-speed output
performance of the engine.

[0141] When the engine reaches a high-speed oper-
ational range, the hydraulic pressure is supplied from
the oil passages 35' and 35 to both of the left and right
hydraulic pressure chambers 27' and 27 to bring both
of the connecting means 33, 33 into their connecting
states, thereby connecting the main and subsidiary
valve lifters 11 and 12 in each pair to each other. There-
fore, both of the intake valves 3' and 3 are opened large-
ly in the intake stroke of the engine by the large-height
lift portions 16a, 16a of the left and right subsidiary cams
16, 16 through the corresponding valve lifters 11, 12; 11,
12 and hence, a large amount of the air-fuel mixture can
be drawn, leading to an enhancementin high-speed out-
put performance of the engine.

[0142] A tenth embodiment of the present invention
shown in Figs.34 and 35 will be described below.
[0143] Inthetenth embodiment, aroller 20 is mounted
on a subsidiary valve lifter 12 of a minor arc shape hav-
ing a narrow upper end face through a roller support
shaft 18, but a slipper face 11sis formed on a wide upper
end face of a main valve lifter 11 of a major arc shape,
so that a main cam 15 is in direct sliding contact with the
slipper face 11s. Therefore, it is not required that the
main valve lifter 11 should have a roller support shaft
and hence, a main guide bore 24 with a connecting
plunger 30 received therein is formed directly in the main
valve lifter 11.

[0144] In the main and subsidiary valve lifters 11 and
12, their flat faces 11c and 12¢ abutting against each
other for sliding movement are disposed to extend per-
pendicularly to an axis of a camshaft 5. Therefore, the
slipper face 11s of the main valve lifter 12 can be formed
long in a direction of rotation of the main cam 15, utilizing
its maximum diameter effectively. Moreover, the lift por-
tion 15a of the corresponding main cam 15 is relatively
low in height and hence, the entire peripheral surface of
the main cam 15 is reliably brought into sliding contact
with the slipper face 11s, whereby the movement corre-
sponding to a cam profile can be provided to the main
valve lifter 11, i.e., to the intake valve 3. A band-shaped
region A where the main cam 15 is brought into sliding
contact with the slipper face 11s by the rotation thereof
is shown by oblique lines in Fig.35.

[0145] Thus, it is possible to provide a reduction in
number of parts and a reduction in cost to an extent cor-
responding to that a main roller 19 as described in the
first embodiment is not mounted on the main valve lifter
11. On the other hand, the subsidiary valve lifter 12 can
smoothly receives the movement corresponding to a
profile of a subsidiary cam 16 by mounting of the roller
20 thereon, even if the length of an upper end face of
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the subsidiary valve lifter 12 in a direction of rotation of
the subsidiary cam 16 is short.

[0146] The other constructions are the same as each
of the previous embodiments and hence, portions or
components corresponding to those in the seventh em-
bodiment are designated by like reference characters in
Figs.34 and 35, and the description of them is omitted.
[0147] An eleventh embodiment of the present inven-
tion shown in Figs.36 to 42 will be described below.
[0148] Referring to Figs.36 to 38, a valve-operating
device D includes an oval-shaped main valve lifter 11
having a pair of opposed flat faces 11c, 11c, and a hollow
cylindrical subsidiary valve lifter 12 surrounding the
main valve lifter 11. The subsidiary valve lifter 12 is sli-
dably received in a circular lifter guide bore 8 provided
in a cylinder head 1.

[0149] The subsidiary valve lifter 12 comprises a
thicker head portion 12a, and a thinner cylindrical skirt
portion 12b extending downwards from an outer periph-
ery of the head portion 12a. The main valve lifter 11 is
slidably received in an oval-shaped hollow 9 provided
at the center of the head portion 12a. Therefore, the hol-
low 9 has a pair of flat faces 12c, 12¢ which are put sli-
dably into abutment against the flat faces 11c, 11c of the
main valve lifter 11. The subsidiary valve lifter 12 is po-
sitioned by the key 10, so that the flat faces 12c, 12c are
substantially perpendicular to an axis of a camshaft 5.
[0150] The main valve lifter 11 is provided with a main
roller housing 13, and the head portion 12a of the sub-
sidiary valve lifter 12 is provided with a pair of subsidiary
roller housings 14, 14 arranged with the main valve lifter
11 sandwiched therebetween. A main roller 19 is ac-
commodated in the main roller housing 13, and subsid-
iary rollers 20, 20 are accommodated in the subsidiary
roller housings 14, 14, respectively. The main roller 19
is rotatably carried on a main roller support shaft 17
press-fitted in the main valve lifter 11 with a needle bear-
ing 37 interposed therebetween, and the subsidiary roll-
ers 20, 20 are carried on a pair of subsidiary roller sup-
port shafts 18, 18 press-fitted in the subsidiary valve lift-
er 12 with a pair of needle bearings 38, 38 interposed
therebetween. In this case, the main and subsidiary roll-
er support shafts 17, 18, 18 are disposed in parallel to
the axis of the camshaft 5.

[0151] On the other hand, the camshaft 5 is formed
with @ main cam 15 which is in contact with an upper
surface of the main roller 19, and a pair of subsidiary
cams 16, 16 of the same shape, which are in contact
with upper surfaces of the subsidiary rollers 20, 20, re-
spectively. There is no difference of height between
base circle-portions of the main and subsidiary cams 15,
16, 16, but a lift portion 16a of each of the subsidiary
cams 16 is formed higher in level than a lift portion 15a
of the main cam 15. In order to avoid the interference of
the main and subsidiary cams 15, 16, 16 and upper end
faces of the main and subsidiary valve lifters 11 and 12,
the main and subsidiary rollers 19 and 20 are disposed
so that their upper surfaces protrude at a predetermined
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height from the upper end faces the main and subsidiary
valve lifters 11 and 12.

[0152] Each of the subsidiary roller housings 14 has
a bottom surface opened so that a lower surface of each
of the subsidiary rollers 20 is exposed, in order to reduce
the weight of the head portion 12a of the subsidiary
valve lifter 12 to the utmost, but the main roller housing
13 is provided with a bottom wall 13a which covers a
lower surface of the main roller 19, and a stem head of
the intake valve 3 disposed at the center of the lifter
guide bore 8 is in abutment against a lower surface of
the bottom wall 13a through a shim 28. A coiled valve
spring 22 is mounted between a flange-shaped retainer
21 fixed to a stem of the intake valve 3 and the cylinder
head 1 for biasing the intake valve 3 in a closing direc-
tion, i.e., toward the main cam 15. A lifter spring 23 for
biasing the valve lifter 12 toward the subsidiary cams 16
is mounted between the head portion 12a of the subsid-
iary valve lifter 12 and the cylinder head 1 in proximity
to an inner surface of the skirt portion 12b.

[0153] Asshownin Figs.37 and 38, the main and sub-
sidiary roller support shafts 17, 18, 18 are provided with
main and subsidiary guide bores 24, 25, 25 having the
same diameter and extending along a diametrical line
perpendicularly to the flat faces 11c, 12c. The main and
subsidiary guide bores 24, 25, 25 are defined so that
they are brought in line with one another, when the base
circle-portions of the main and subsidiary cams 15, 16,
16 are brought simultaneously into contact with the main
and subsidiary rollers 19, 20, 20. A hydraulic pressure
chamber 27 is connected to an outer end of one of the
subsidiary guide bore 25 through an annular step 26,
and an outer end of the other subsidiary guide bore 25
is closed by an end wall 25a.

[0154] A connecting plunger 30 is slidably received in
the main guide bore 24. An urging piston 29 is slidably
received in the subsidiary guide bore 25 on the side of
the hydraulic pressure chamber 27, and a return piston
31 is slidably received in the subsidiary guide bore 25
on the opposite side. A return spring 32 for biasing the
return piston 31 toward the hydraulic pressure chamber
27 is accommodated between the end wall 25a and the
return piston 31. When both of the pistons 29 and 31
and the plunger 30 are moved all at once toward the
hydraulic pressure chamber 27, whereby the urging pis-
ton 29 is put into abutment against the annular step 26,
both of the pistons 29 and 31 and the plunger 30 occupy
non-connecting positions where the relative sliding
movement of the main and subsidiary valve lifters 11
and 12 is not obstructed. When both of the pistons 29
and 31 and the plunger 30 are moved all at once toward
the end wall 25a, whereby the return piston 31 is put into
abutment against the end wall 25a of the corresponding
subsidiary guide bore 25, the connecting plunger 30 and
the urging piston 29 occupy connecting positions where
they cross a border between the main and subsidiary
valve lifters 11 and 12 to connect the main and subsid-
iary valve lifters 11 and 12 to each other.
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[0155] As shown in Figs.38 and 39, the connecting
plunger 30 is formed slightly longer than the width of the
main valve lifter 11 in an axial direction of the plunger
30 with a processing error in view. In order to avoid the
interference of opposite ends of the connecting plunger
30 and the subsidiary valve lifter 12 in the non-connect-
ing position of the connecting plunger 30, the flat faces
12¢, 12 of the subsidiary valve lifter 12 are provided with
a pair of relief recesses 34 (see Fig.40) which receive
the opposite ends of the connecting plunger 30.

[0156] From the forgoing, the connecting plunger 30,
the urging piston 29, the return piston 31 and the return
spring 32 form a connecting means 33 by cooperation
with one another.

[0157] The other constructions are the same as those
in the seventh embodiment and hence, portions or com-
ponents corresponding to those in the seventh embod-
iment are designated by like reference characters, and
the description of them is omitted.

[0158] Thus, when the hydraulic pressure chamber
27 is opened into an oil reservoir through the oil passage
35 in low-speed and medium-speed operational ranges
of the internal combustion engine, the urging piston 29
is retained by the urging force of the return spring 32 at
a location of abutment against the annular step 26 of the
subsidiary guide bore 25 on the side of the hydraulic
pressure chamber 27, and the connecting plunger 30
has their opposite ends facing to the relief recesses 34,
34, as shown in Fig.39, whereby the connecting means
33 is brought into a non-connecting state in which the
relative sliding movement of the valve lifters 11 and 12
is possible, and the valve-operating device D is brought
into a low-speed mode.

[0159] Therefore, when the camshaft 5 is rotated, the
main cam 15 causes the opening and closing motions
of the intake valve 3 through the main valve lifter 11 by
cooperation with the valve spring 22, but the subsidiary
cam 16 only reciprocally moves the subsidiary valve lift-
er 12 uselessly with a stroke larger than that of the main
valve lifter by cooperation with the lifter spring 23 and
does not participate in the opening and closing of the
intake valve 3.

[0160] When the engine then reaches a high-speed
operational range to permit a hydraulic pressure to be
supplied from the oil passage 35 to the hydraulic pres-
sure chamber 27, the urging piston 29 pushes the con-
necting plunger 30 and the return piston 31 by the action
of the hydraulic pressure in the hydraulic pressure
chamber 27 against the biasing force of the return spring
32. However, if the main and subsidiary cams 15 and
16, 16 are in contact with the upper surfaces of the main
and subsidiary rollers 19 and 20, 20 at points other than
the base circle-portions at that time, respectively, posi-
tions of the main guide bore 24 in the main valve lifter
11 and the subsidiary guide bore 25 in the subsidiary
valve lifter 12 are staggered from each other. Therefore,
the urging piston 29 is once stopped in a position where
it is in abutment against the flat face 11c of the main
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valve lifter 11, and the connecting plunger 30 is once
stopped in abutment against a bottom surface of the re-
lief recess 34 on the side of the return piston 31, as
shown in Fig.41, thereby providing a switchover prepar-
ative state.

[0161] When the base circle-portions of the main and
subsidiary cams 15 and 16, 16 are brought simultane-
ously into contact with the main and subsidiary rollers
19 and 20, 20 from that state, the main and subsidiary
guide bores 24 and 25, 25 are brought in line with one
another. The period of contact of the base circle-portions
of the main and subsidiary cams 15 and 16, 16 with the
main and subsidiary rollers 19 and 20, 20 is relatively
long and hence, the urging piston 29 urges the connect-
ing plunger 30 by the action of hydraulic pressure in the
hydraulic pressure chamber 27, thereby putting the re-
turn piston 31 into abutment against the end wall 25a of
the subsidiary guide bore 25 with the return piston 31
received therein (see Fig.42). Thus, the connecting
means 33 is brought into the connecting state in which
the relative sliding movement of the valve lifters 11 and
12 is impossible, and the valve-operating device D is
brought into a high-speed mode.

[0162] Therefore, the subsidiary cam 16 having the
large-height lift portions 16a opens and closes the intake
valve 3 through the valve lifters 11 and 12 by coopera-
tion with the valve spring 22, and the small-height lift
portion 15a of the main cam 15 is raced relative to the
main valve lifter 11.

[0163] Even in the eleventh embodiment, the move-
ment corresponding to the profiles of the main and sub-
sidiary cams 15 and 16, 16 can be provided smoothly
to the main and subsidiary valve lifters 11 and 12, be-
cause the main and subsidiary rollers 19 and 20, 20 are
carried on the main and subsidiary valve lifters 11 and
12 to come into contact with the main and subsidiary
cams 15 and 16, 16. Moreover, each of the upper end
faces of the main and subsidiary valve lifters 11 and 12,
which are not in contact with the main and subsidiary
cams 15 and 16, only needs to have an extent enough
to ensure that the main and subsidiary roller housings
13 and 14, 14 accommodating the main and subsidiary
rollers 19 and 20, 20 are opened and hence, it is possi-
ble to provide reductions in diameters of the main and
subsidiary valve lifters 11 and 12 and accordingly, a re-
duction in size of the valve-operating device D.

[0164] If the main and subsidiary valve lifters 11 and
12 in the eleventh embodiment are disposed in two sets
adjacent each other according to the eighth embodi-
ment shown in Figs.30 and 31 or the ninth embodiment
shown in Figs.32 and 33, the valve-operating device for
a 4-valve and twin-camshaft type internal combustion
engine can be constructed compactly.

[0165] A twelfth embodiment of the present invention
shown in Figs.43 to 47 will be described below.

[0166] The twelfth embodiment of the present inven-
tion is applied to a 4-valve and twin-camshaft type inter-
nal combustion engine, and a valve-operating device D
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for intake valves 3, 3 will be described below.

[0167] An intake camshaft 5 is disposed immediately
above the intake valves 3, 3 to extend in a direction of
arrangement of the intake valves 3, 3. Each of two sets
of valve lifters mounted in correspondence to the pair of
valves 3, 3 comprises a central main valve lifter 11, and
a pair of subsidiary valve lifters 12, 12 disposed on op-
posite side of and adjacent the main valve lifter 11. In
this case, the subsidiary valve lifters 12, 12 disposed
inside the two sets of main valve lifters 11, 11 have flat
faces 46, 46 formed on their outer peripheral surfaces
to abut against each other. A pair of lifter guide bores 8,
8 are provided in the cylinder head 1 to receive the two
sets of valve lifters therein for sliding movement, and
disposed in a partially overlapped relation. The flat faces
46, 46 are disposed on a border between both of the
lifter guide bores 8, 8.

[0168] Each of the main and subsidiary valve lifters
11 and 12, 12 in each set includes a thicker head portion
11a, 12a, 12a, and thinner arcuate skirt portion 11b. 12b,
12b extending downwards from a lower surface of the
head portion 11a, 12a, 12a and continuous to an arcuate
outer peripheral surface. The head portions 11a and
12a, 12a of the main and subsidiary valve lifters 11 and
12, 12 are provided with main and subsidiary roller hous-
ings 13 and 14, 14, in which main and subsidiary rollers
19 and 20, 20 are accommodated, respectively. The
main and subsidiary rollers 19 and 20, 20 are rotatably
carried on main and subsidiary roller support shafts 17
and 18; 18 press-fitted in the main and subsidiary valve
lifters 11 and 12, 12 with needle bearings 37 and 38, 38
interposed therebetween, respectively.

[0169] On the other hand, the camshaft 5 is formed
with @ main cam 15 which is in contact with an upper
surface of the main roller 19, and a pair of subsidiary
cams 16, 16 of the same shape, which are in contact
with upper surface of the subsidiary rollers 20, 20. There
is no difference of height between base circle-portions
of the main and subsidiary cams 15, 16, 16, but a lift
portion 16a of each of the subsidiary cams 16 is formed
higher in level than a lift portion 15a of the main cam 15.
Therefore, the main cam 15 is used for a low speed, and
the subsidiary cams 16, 16 are used for a high speed.
In order to avoid the interference of the main and sub-
sidiary cams 15 and 16, 16 and upper end faces of the
main and subsidiary valve lifters 11 and 12, 12, the main
and subsidiary rollers 19 and 20, 20 are disposed so
that their upper surfaces protrude at a predetermined
height from the upper end faces the main and subsidiary
valve lifters 11 and 12, 12.

[0170] Each of the subsidiary roller housings 14, 14
has a bottom surface opened so that a lower surface of
each of the subsidiary rollers 20, 20 is exposed, in order
to reduce the weight of the head portion 11a of the main
valve lifter 11 to the utmost, but the main roller housing
13 is provided with a bottom wall 13a which covers a
lower surface of the main roller 19, and a stem end of
the intake valve 3 disposed at the center of the lifter
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guide bore 8 is in abutment against a lower surface of
the bottom wall 13a through a shim 28. A coiled valve
spring 22 is mounted between a flange-shaped retainer
21 fixed to a stem of the valve 3 and the cylinder head
1 for biasing the valve 3 in a closing direction, i.e., to-
ward the main cam 15. Common coiled lifter springs 23
for biasing the main and subsidiary valve lifters 11 and
12, 12 toward the main and subsidiary cams 15 and 16,
16 are mounted between lower surfaces of the head por-
tions 11a and 12a, 12a of the main and subsidiary valve
lifters 11 and 12. 12 and the cylinder head 1 in proximity
to inner surfaces of the skirt portions 11b and 12b, 12b.
[0171] The main roller support shaft 17 is formed so
that its opposite ends are continuous to the flat faces
11c, 11c on opposite sides of the main valve lifter 11,
and each of the subsidiary roller support shafts 18 is
formed so that its opposite ends are continuous to the
corresponding subsidiary valve lifter 12 and an outer pe-
ripheral surface. The main roller support shaft 17 is pro-
vided with a pair of main guide bores 24, 24 which open
into its opposite end faces and arranged coaxially on
opposite sides of a central annular positioning stopper
45. Each of the subsidiary roller support shaft 18 is pro-
vided with a subsidiary guide bore 25 which opens into
the flat face 12c, and a hydraulic pressure chamber 27
leading to the subsidiary guide bore 25 through an an-
nular step 40.

[0172] Connecting plungers 30, 30 are slidably re-
ceived in the subsidiary guide bores 25, 25, respectively,
and return pistons 31, 31 are slidably received in the
main guide bores 24, 24, respectively, as well as a com-
mon return spring 32 for biasing the return pistons 31,
31 toward the connecting plungers 30, 30 is accommo-
dated in the main guide bores 24, 24. The main and sub-
sidiary guide bores 24 and 25, 25 are formed at the
same diameter, so that when the main and subsidiary
cams 15 and 16, 16 are brought simultaneously into
contact with the upper surfaces of the main and subsid-
iary valve lifters 11 and 12, 12, i.e., when the upper sur-
faces of all the valve lifters 11 and 12, 12 are brought in
line with one another, the connecting plungers 30, 30
can be moved into and out of the corresponding subsid-
iary guide bores 25, 25 in the main valve lifter 11. A con-
necting means 33 is formed by the connecting plungers
30, the return piston 31, the return spring 32 and the
hydraulic pressure chamber 27.

[0173] In order to avoid the interference of a tip end
of each of the connecting plungers 30 and an opening
of the corresponding main guide bore 24 or the interfer-
ence of a tip end of the return piston 31 and an opening
of the corresponding subsidiary guide bore 24 due to a
manufacture error in the non-connecting state of the
connecting means 33, a relief recess 34 similar to that
in each of the previous embodiments is provided in at
least one of the opposed flat faces 11¢c and 12c of the
main and subsidiary valve lifters 11 and 12.

[0174] Oil passages 35, 35 are provided in the cylin-
der head 1 to communicate with the hydraulic pressure
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chamber 27, 27. The oil passages 35, 35 are selectively
connected to a hydraulic pressure supply source such
as a hydraulic pump and a low-pressure oil reservoir
through a common switchover valve (not shown).
[0175] The operation of the twelfth embodiment will
be described below.

[0176] In low-speed and medium-speed operational
ranges of the internal combustion engine, the hydraulic
pressure chambers 27, 27 are opened into the oil res-
ervoir through the oil passages 35, 35 to bring the con-
necting means 33 into a disconnecting state. If the dis-
connecting state is achieved, the return pistons 31, 31
retain the connecting plungers 30, 30 in positions of
abutment against the annular steps 40, 40 of the sub-
sidiary guide bores 24, 24 by the action of a biasing force
of the return spring 32, as shown in Fig.46. At this time,
each of the connecting plungers 30 has its tip end facing
to the relief recess 34, and the connecting means 33 is
brought into a non-connecting state in which the relative
sliding movement of the main and subsidiary valve lifters
11 and 12, 12 is possible, and the valve-operating de-
vice D is brought into a low-speed mode. When the cam-
shaft 5 is rotated in the low-speed mode, the main and
subsidiary cams 15 and 16, 16 are rotated, while being
always in contact with the corresponding main and sub-
sidiary rollers 19 and 20, 20 and hence, the movement
corresponding to profiles of the main and subsidiary
cams 15 and 16, 16 can be provided smoothly to the
main and subsidiary valve lifters 11 and 12, 12 by the
rotation of the main and subsidiary rollers 19 and 20, 20.
Moreover, each of upper end faces of the main and sub-
sidiary valve lifters 11 and 12, 12, which are not in sliding
contact with the main and subsidiary cams 15 and 16,
16, only needs to have an extent enough to ensure that
the main and subsidiary roller housings 13 and 14, 14
are opened and hence, it is possible to achieve reduc-
tions in diameters of the main and subsidiary valve lifters
11 and 12, 12 and accordingly, a reduction in size of the
valve-operating device D.

[0177] Thus, the main cam 15 causes the opening
and closing motions of the valve 3 through the main
valve lifter 11 by cooperation with the valve spring 22,
but the subsidiary cams 16, 16 only reciprocally move
the subsidiary valve lifters 12, 12 uselessly with a stroke
larger than that of the main valve lifter 11 by cooperation
with the lifter spring 23 and do not participate in the
opening and closing of the valve 3. Therefore, the open-
ing and closing characteristic of the valve 3 in this case
depends on a cam profile of the main cam 15 having the
small-height lift portion 15a, and the low-speed and me-
dium-speed performance of the engine can be en-
hanced.

[0178] In this case, the upper end of the lifter spring
23 is supported on the lower surfaces of the head por-
tions 12a, 12a of the pair of subsidiary valve lifters 12,
12 disposed on the opposite side of the main valve lifter
11 and hence, the lifter spring 23 cannot be inclined, de-
spite the relative movement of the main and subsidiary
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valve lifters 11 and 12, 12 due to a difference in lift be-
tween the main and subsidiary cams 15 and 16, 16, and
an unbalanced load can be avoided.

[0179] When the engine reaches a high-speed oper-
ational range to permit a hydraulic pressure to be sup-
plied from the oil passages 35, 35 to the hydraulic pres-
sure chambers 27, 27, the connecting plungers 30, 30
push the return pistons 31, 31 by the action of the hy-
draulic pressure in the hydraulic pressure chambers 27
against the biasing force of the return spring 32. How-
ever, if the main and subsidiary cams 15 and 16, 16 are
in contact with the main and subsidiary rollers 19 and
20, 20 at points other than the base circle-portions at
that time, positions of the main guide bore 24 and the
subsidiary guide bore 25 are staggered from each other.
Therefore, the connecting plunger 30 is once stopped
in a position where it is in abutment against a side face
of the main valve lifter 11, thereby providing a switchover
preparative state.

[0180] When the base circle-portions of the main and
subsidiary cams 15 and 16, 16 are brought simultane-
ously into contact with the main and subsidiary rollers
19 and 20, 20 from that state, the main and subsidiary
guide bores 24 and 25 are brought in line with each oth-
er. The period of contact of the base circle-portions of
the main and subsidiary cams 15 and 16, 16 with the
main and subsidiary rollers 19 and 20, 20 is relatively
long and hence, each of the connecting plungers 30 urg-
es the return piston 31 by the hydraulic pressure in the
hydraulic pressure chamber 27 against the biasing force
of the return spring 32, thereby putting the return spring
31 into abutment against the annular stopper 45 of the
main guide bore 24 (see Fig.47). Thus, the connecting
means 33 is brought into the connecting state in which
the relative sliding movement of the main and subsidiary
valve lifters 11 and 12, 12 is impossible, and the valve-
operating device D is brought into a high-speed mode.
[0181] Therefore, the subsidiary cams 16, 16 having
the large-height lift portions 16a open and close the
valve 3 through the main and subsidiary valve lifters 11
and 12, 12 by cooperation with the valve spring 22, and
the small-height lift portion 15a of the main cam 15 is
raced relative to the main roller 19. The opening/closing
characteristic of the valve 3 in this case depends on the
profile of the subsidiary cam 16 having the large-height
lift portion 16a, and an enhancement in high-speed per-
formance of the engine can be provided.

[0182] In this case, the valve spring 22 and the lifter
spring 23 in a parallel relation to each other exhibit re-
pulsive forces to the main and subsidiary valve lifters 11
and 12, 12 in their connected states and hence, a sum
total of the repulsive forces is applied to all of the valve
lifters 11 and 12, 12. Therefore, notwithstanding all of
the valve lifters 11 and 12, 12 have been integrated, re-
sulting in an increased inertia mass, the inertia forces of
all of the valve lifters 11 and 12, 12 can be suppressed
effectively, whereby the jumping of the valve 3 is pre-
vented, and moreover, the return responsiveness of all
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of the valve lifters 11 and 12, 12 and accordingly, the
closing responsiveness of the valve 3 can be enhanced
to contribute to a further enhancement in high-speed
performance.

[0183] Moreover, in the high-speed mode, the pair of
subsidiary valve lifters 12, 12 have been connected to
the opposite sides of the main valve lifter 11, and the
operating forces of the pair of subsidiary cams 16, 16
are applied equally to the opposite sides of the main
valve lifter 11 through the subsidiary valve lifters 12, 12
and the connecting plungers 30, 30. Therefore, the main
valve lifter 11 can be operated in a non-inclined appro-
priate attitude.

[0184] When the engine is returned again to the low-
speed and medium-speed operational ranges, whereby
the hydraulic pressure in each of the hydraulic pressure
chambers 27, 27 is released to the oil reservoir, the fol-
lowing is obvious: Each of the return piston 31 pushes
the corresponding connecting plunger 30 back to the
original position with the repulsive force of the return
spring 32 and hence, the connecting means 33 is
brought into the non-connecting state in which the rela-
tive sliding movement of the main and subsidiary valve
lifters 11 and 12, 12 is possible.

[0185] The other constructions are the same as those
in the first embodiment and hence, portions or compo-
nents corresponding to those in the eighth embodiment
of the present invention shown in Figs.30 and 31 are
designated by like reference characters in Figs.43t0 47,
and the description of them is omitted.

[0186] Finally, a thirteenth embodiment of the present
invention shown in Figs.48 to 51 will be described below.
[0187] The thirteenth embodiment of the present in-
vention is also applied to a 4-valve and twin-camshaft
type internal combustion engine, and a valve-operating
device D for intake valves 3, 3 will be described below.
[0188] Each of two sets of valve lifters mounted in cor-
respondence to a pair of valves 3, 3 comprises a central
main valve lifter 11, and first and second subsidiary
valve lifters 12 and 12' disposed on opposite sides of
and adjacent the main valve lifter 11. In this case, the
first subsidiary valve lifters 12, 12 disposed inside the
two sets of main valve lifters 11, 11 have flat faces 46,
46 formed on their outer peripheral surfaces to abut
against each other.

[0189] Each of the main and first and second subsid-
iary valve lifters 11, 12 and 12" includes a thicker head
portion 11a, 12a, 12'a, and a thinner arcuate skirt portion
11b, 12b, 12b' extending downwards from a lower sur-
face of the head portion 11a 12a, 12'a and continuous
to an arcuate outer peripheral surface. The head por-
tions 11a, 12a and 12a' of the main and first and second
subsidiary valve lifters 11, 12 and 12" are provided with
main and first and second subsidiary roller housings 13,
14 and 14', respectively, in which main and first and sec-
ond subsidiary rollers 19, 20 and 20' are accommodat-
ed, respectively. The main and first and second subsid-
iary rollers 19, 20 and 20' are rotatably carried on main
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and first and second subsidiary roller support shafts 17,
18 and 18' press-fitted in the main and first and second
subsidiary valve lifters 11, 12 and 12' with needle bear-
ings 37, 38 and 38' interposed therebetween, respec-
tively.

[0190] On the other hand, a camshaft 5 is formed with
a main cam 15 which is in contact with an upper surface
of the main roller 19, and first and second subsidiary
cams 16 and 16' which are located on opposite sides of
the main cam 15 to come into contact with upper sur-
faces of the first and second subsidiary rollers 20 and
20'. There is no difference of height between base circle-
portions of the main and first and second subsidiary
cams 15, 16 and 16", but lift portions 16a and 16a' of the
first and second subsidiary cams 16 and 16' are formed
higher in level than a lift portion 15a of the main cam 15,
and the lift portion 16a of the first subsidiary cam 16 is
formed higher in level than the lift portion 16a’ of the sec-
ond subsidiary cam 16'. Therefore, the main cam 15 is
used for a low speed; the first subsidiary cam 16 is used
for a medium speed, and the second subsidiary cam 16'
is used for a high speed. In order to avoid the interfer-
ence of the main and first and second subsidiary cams
15, 16 and 16" and upper end faces of the main and first
and second subsidiary valve lifters 11, 12 and 12', the
main and first and second subsidiary rollers 19, 20 and
20" are disposed so that their upper surfaces protrude
at a predetermined height from the upper end faces of
the main and first and second subsidiary valve lifters 11,
12 and 12'.

[0191] The other constructions are similar to those in
the twelfth embodiment, except for a point that members
and portions on the side of the second subsidiary valve
lifter 12' disposed outside the main valve lifter 11 in each
pair are designated by reference characters each af-
fixed with " ' ", and a point that oil passages 35 and 35'
leading to hydraulic pressure chambers 27 and 27' are
selectively connected to hydraulic pressure supply
sources such as a hydraulic pump and low-pressure oil
reservoirs through switchover valves (not shown) oper-
ated individually. Therefore, portions or components
corresponding to those in the twelfth embodiment are
designated by the same reference characters except for
the reference characters each affixed with "' " in Figs.
48 to 51, and the description of them is omitted.
[0192] The operation of the thirteenth embodiment
will be described below. In a low-speed operational
range of the internal combustion engine, the hydraulic
pressure chambers 27 and 27' on the side of the first
and second subsidiary valve lifters 12 and 12' are
opened into the oil reservoirs through the oil passages
35 and 35' to bring connecting means 33 and 33' into
their disconnecting states. If the disconnecting states
are achieved, the return pistons 31, 31 retain the con-
necting plungers 30 and 30' in positions of abutment
against annular steps 40 and 40' of subsidiary guide
bores 24 and 24' with a biasing force of the return spring
32, as shown in Fig. 50. At this time, each of the con-
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necting plungers 30 and 30' has its tip end facing to a
relief recess 34, and the connecting means 33 and 33'
are brought into disconnecting states in which the rela-
tive sliding movement of the main and first and second
subsidiary valve lifters 11, 12 and 12' is possible, and
the valve-operating device D is brought into a low-speed
mode. When the camshaft 5 is rotated in the low-speed
mode, the main and first and second subsidiary cams
15, 16 and 16' are rotated, while being always in contact
with the corresponding main and first and second sub-
sidiary rollers 19, 20 and 20'. Therefore, the movement
corresponding to each of the profiles of the main and
first and second subsidiary cams 15, 16 and 16' can be
provided smoothly to the main and first and second sub-
sidiary valve lifters 11, 12 and 12' by the rotation of the
main and first and second subsidiary rollers 19, 20 and
20'.

[0193] The maincam 15 causes the opening and clos-
ing motions of the valve 3 through the main valve lifter
11 by cooperation with the valve spring 22, but the first
and second subsidiary cams 16 and 16' only reciprocally
move the first and second subsidiary valve lifters 12 and
12' uselessly with a stroke larger than that of the main
valve lifter 11 by cooperation with the lifter spring 23 and
do not participate in the opening and closing of the in-
take valve 3. The opening and closing characteristic of
the valve 3 in this case depends on the cam profile of
the main cam 15 having the small-height lift portion 15a,
and the low-speed performance of the engine can be
enhanced.

[0194] When the engine then reaches a medium-
speed operational range, a hydraulic pressure is sup-
plied from one of the oil passages 35 only to the hydrau-
lic pressure chamber 27 on the side of the first subsidi-
ary valve lifter 12. Then, the connecting plunger 30
pushes the return piston 31 by the hydraulic pressure in
the hydraulic pressure chamber 27 against the biasing
force of the return spring 32. However, if the main and
first subsidiary cams 15 and 16 are in contact with the
main and first subsidiary rollers 19 and 20 at points other
than the base circle-portions at that time, respectively,
positions of the main guide bore 24 and the first subsid-
iary guide bore 25 are staggered from each other.
Therefore, the connecting plunger 30 is once stopped
in a position where it is in abutment against a side face
of the main valve lifter 11, thereby providing a switchover
preparative state.

[0195] When the base circle-portions of the main and
first subsidiary cams 15 and 16 are brought simultane-
ously into contact with the main and first subsidiary roll-
ers 19 and 20 from that state, the main and first subsid-
iary guide bores 24 and 25 are brought in line with each
other. The period of contact of the base circle-portions
of the main and first subsidiary cams 15 and 16 with the
main and first subsidiary rollers 19 and 20 is relatively
long and hence, the connecting plunger 30 urges the
return piston 31 by the hydraulic pressure in the hydrau-
lic pressure chamber 27 against the biasing force of the
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return spring 32, thereby putting the return piston 31 into
abutment against the annular stopper 45 of the main
guide bore 24. The connecting means 33 is brought into
the connecting state in which the relative sliding move-
ment of the main and first subsidiary valve lifters 11 and
12 is impossible, and the valve-operating device D is
brought into a medium-speed mode.

[0196] Therefore, the first subsidiary cam 16 having
the medium-height lift portion 16a opens and closes the
valve 3 through the main and first subsidiary valve lifters
11 and 12 by cooperation with the valve spring 22, and
the small-height lift portion 15a of the main cam 15 is
raced relative to the main roller 19. Therefore, the open-
ing/closing characteristic of the valve 3 in this case de-
pends on the cam profile of the first subsidiary cam 16
having the medium-height lift portions 16a, and an en-
hancement in medium-speed performance of the en-
gine can be provided.

[0197] When the engine reaches a high-speed oper-
ational range, a hydraulic pressure is supplied from the
other oil passage 35' to the hydraulic pressure chamber
27' on the side of the second subsidiary valve lifter 12'
by the hydraulic pressure in the hydraulic pressure
chamber 27 remaining maintained. Then, the connect-
ing plunger 30' pushes the return piston 31' by the hy-
draulic pressure in the hydraulic pressure chamber 27'
against the biasing force of the return spring 32. How-
ever, if the main and second subsidiary cams 15 and 16'
are in contact with the main and second subsidiary roll-
ers 19 and 20' at points other than the base circle-por-
tions at that time, respectively, positions of the main
guide bore 24 and the second subsidiary guide bore 25'
are staggered from each other. Therefore, the connect-
ing plunger 30' is once stopped in a position where it is
in abutment against the side face of the main valve lifter
11, thereby providing the switchover preparative state.
[0198] When the base circle-portions of the main and
second subsidiary cams 15 and 16' are brought simul-
taneously into contact with the main and second sub-
sidiary rollers 19 and 20' from that state, the main and
second subsidiary guide bores 24 and 25' are brought
in line with each other. The period of contact of the base
circle-portions of the main and second subsidiary cams
15 and 16" with the main and second subsidiary rollers
19 and 20' is relatively long and hence, the connecting
plunger 30' urges the return piston 31' by the hydraulic
pressure in the hydraulic pressure chamber 27' against
the biasing force of the return spring 32 to put the return
piston 31' into abutment against the annular stopper 45
of the main guide bore 24. Thus, the connecting means
33'is also brought into the connecting state in which the
relative sliding movement of the main and second sub-
sidiary valve lifters 11 and 12' is impossible, and the
valve-operating device D is brought into the medium-
speed mode.

[0199] Therefore, the second subsidiary cam 16" hav-
ing the largest-height lift portion 16a' opens and closes
the valve 3 through the main and subsidiary valve lifters
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11 and 12' by cooperation with the valve spring 22, and
the lift portions 15a and 16a of the main and first sub-
sidiary cams 15 and 16 lower in height than the lift por-
tion 16a’ of the second subsidiary cam 16' are raced rel-
ative to the main and first subsidiary rollers 19 and 20.
Therefore, the opening and closing characteristic of the
valve 3 in this case depends on the profile of the second
subsidiary cam 16 having the largest-height lift portion
16a’', and an enhancement in high-speed performance
of the engine can be provided.

[0200] In the high-speed mode, the connecting state
of the connecting means 33 on the side of the first sub-
sidiary valve lifter 12 may be maintained, but in order to
reduce the inertia mass of a system comprising the
valves 3, 3 to the utmost, it is effective to release the
hydraulic pressure in the hydraulic pressure chamber
27 on the side of the first subsidiary valve lifter 12 into
the oil reservoir to bring the connecting means 33 into
the non-connecting state, whereby the first subsidiary
valve lifter 12 is disconnected from the main valve lifter
11, as shown in Fig.51.

[0201] When the engine is returned again to the low-
speed operational range to permit the hydraulic pres-
sures in both of the hydraulic pressure chambers 27 and
27' to be released into the oil reservoirs, the following is
obvious: the return pistons 31 and 31' push the corre-
sponding connecting plungers 30 and 30' back to the
original positions by the repulsive forces of the return
spring 32 and hence, both of the connecting means 33
and 33' are brought into the non-connecting states in
which the relative sliding movement of the main and first
and second subsidiary valve lifters 11, 12 and 12'is pos-
sible.

[0202] In this manner, according to the thirteenth em-
bodiment, any of the three different operational modes
can be provided to the valves 3, 3 of the engine by sep-
arating the first and second subsidiary valve lifters 12
and 12' from the main valve lifter 11, by connecting only
the first subsidiary valve lifter 12 to the main valve lifter
11 and by connecting the second subsidiary valve lifter
12' to the main valve lifter 11 by cooperation with the
main cam 15, the first subsidiary cam 16 and the second
subsidiary cam 16'.

Claims

1. A valve-operating system for an internal combus-
tion engine, comprising a main valve lifter (11)
moved in unison with a valve (3, 3', 4) mounted in
an engine body (1), a subsidiary valve lifter (12, 12")
adjoining said main valve lifter (11) and slidable rel-
ative to said main valve lifter (11), a main cam (15,
15") for providing a first operational mode to a valve
(3, 3', 4) through said main valve lifter (11), a sub-
sidiary cam (16, 16') capable of operating said sub-
sidiary valve lifter (12, 12') with a lift amount larger
than said main cam (15, 15") in a direction to open
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the valve (3, 3', 4), and a connecting means (33)
capable of being switched between a non-connect-
ing state in which the individual movement of said
main and subsidiary valve lifters (11, 12, 12') is per-
mitted, and a connecting state in which said main
and subsidiary valve lifters (11, 12, 12') are connect-
ed to each other and forced to be operated in unison
with each other, so that when said main and sub-
sidiary valve lifters (11, 12) are connected to each
other by the connecting state of said connecting
means (33), said subsidiary cam (16, 16") provides
a second operational mode to the valve (3, 3', 4), in
which the valve (3, 3', 4) is opened more largely than
in the first operational mode,

characterized in that said system further in-
cludes a valve spring (22) mounted between the
valve (3, 4) and the engine body (1) for biasing the
valve (3, 4) in a closing direction, and a lifter spring
(23) mounted between said subsidiary valve lifter
(12, 12") and said engine body (1) for biasing the
subsidiary lifter (11) toward the subsidiary cam (16,
16").

A valve-operating system for an internal combus-
tion engine, comprising a main valve lifter (11)
moved in unison with a valve (3, 3', 4) mounted in
an engine body (1), a subsidiary valve lifter (12, 12")
adjoining said main valve lifter (11) and slidable rel-
ative to said main valve lifter (11), a main cam (15,
15") for providing a first operational mode to the
valve (3, 3', 4) through said main valve lifter (11), a
subsidiary cam (16, 16") capable of operating said
subsidiary valve lifter (12, 12') with a lift amount
larger than said main cam (15, 15') in a direction to
open the valve (3, 3', 4), main and subsidiary guide
bores (24; 25, 25') provided in said main and sub-
sidiary valve lifters (11, 12, 12') to extend in a direc-
tion perpendicular to a direction of operation of said
main and subsidiary valve lifters (11, 12, 12'), and
a connecting means (33, 33') having a connecting
member (30, 30') for moving between a non-con-
necting position where said connecting member
(30, 30" is received in only one of said main and
subsidiary guide bores (24; 25, 25") and a connect-
ing position where said connecting member (30,
30'") is received in both of said guide bores (24; 25,
25"), so that when said main and subsidiary valve
lifters (11, 12) are connected to each other by the
connecting state of said connecting means (33),
said subsidiary cam (16, 16') provides a second op-
erational mode to the valve (3, 3', 4), in which said
valve is opened more largely than in said first oper-
ational mode,

characterized in that said main and subsid-
iary valve lifters (11; 12, 12') have flat faces (11c;
12c, 12c') relatively slidably superposed on each
other, and are formed so as to be slidably received
in a common lifter guide bore (8) in the engine body
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(1), said flat faces (11c; 12c, 12c') being formed to
extend in parallel to an axis of said lifter guide bore
(8), and said main and subsidiary guide bores (24;
25, 25) are provided in said main and subsidiary
valve lifters (11; 12, 12") so as to open into said cor-
responding flat faces (11c; 12c, 12c'), respectively.

A valve-operating system for an internal combus-
tion engine according to claim 2, wherein

said single subsidiary valve lifter (12) is dis-
posed adjacent the main valve lifter (11).

A valve-operating system for an internal combus-
tion engine according to claim 3, wherein

said main valve lifter (11) is formed into an ar-
cuate shape having an outer peripheral surface of
a major arc shape; said subsidiary valve lifter (12)
is formed into an arcuate shape having an outer pe-
ripheral surface of a minor arc shape; said main
guide bore (24) in said main valve lifter (11) is
formed longer than said subsidiary guide bore (25)
in said subsidiary valve lifter (12); and said connect-
ing member (30) is supported in said main guide
bore (24).

A valve-operating system for an internal combus-
tion engine according to claim 2, wherein

a pair of said subsidiary valve lifters (12, 12)
are disposed on opposite sides of said main valve
lifter (11), and a pair of said subsidiary cams (16,
16) of the same shape are disposed in correspond-
ence to said subsidiary valve lifters (12, 12), so that
said main valve lifter (11) can be connected to both
of said subsidiary valve lifters (12, 12) through a pair
of said connecting members (30, 30).

A valve-operating system for an internal combus-
tion engine according to claim 2, wherein

the first and second subsidiary valve lifters
(12, 12') are disposed on opposite sides of said
main valve lifter (11), and the first and second sub-
sidiary cams (16, 16') moved at different lift amounts
are disposed in correspondence to said first and
second subsidiary valve lifters (12, 12'), so that said
main valve lifter (11) can be connected individually
to said first and second subsidiary valve lifters (12,
12") through the first and second connecting mem-
bers (30, 30).

A valve-operating system for an internal combus-
tion engine according to any of claims 2 to 6, where-
in

a pair of the circular lifter guide bores (8, 8)
are disposed in a partially overlapped relation to
each other, and flat faces (46, 46) are formed on
two sets of the main and subsidiary valve lifters (11,
12,12'; 11,12, 12") received in said lifter guide bores
(8, 8) to come into abutment against each other at
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a border between both of said lifter guide bores (8,
8).

A valve-operating system for an internal combus-
tion engine, comprising a main valve lifter (11)
moved in unison with a valve (3, 3', 4) mounted in
an engine body (1), a subsidiary valve lifter (12, 12")
adjoining said main valve lifter (11) and slidable rel-
ative to said main valve lifter (11), a main cam (15,
15") for providing a first operational mode to the
valve (3, 3', 4) through said main valve lifter (11), a
subsidiary cam (16, 16') capable of operating said
subsidiary valve lifter (12, 12') with a lift amount
larger than said main cam (15, 15') in a direction to
open the valve (3, 3', 4), main and subsidiary guide
bores (24; 25, 25') provided in said main and sub-
sidiary valve lifters (11, 12, 12') to extend in a direc-
tion perpendicular to a direction of operation of said
main and subsidiary valve lifters (11, 12, 12), and
a connecting means (33, 33') having a connecting
member (30, 30') for moving between a non-con-
necting position where said connecting member
(30, 30" is received in only one of said main and
subsidiary guide bores (24; 25, 25') and a connect-
ing position where said connecting member (30,
30') is received in both of said guide bores (24; 25,
25"), so that when said main and subsidiary valve
lifters (11, 12) are connected to each other by the
connecting state of the connecting means (33), said
subsidiary cam (16, 16') provides a second opera-
tional mode to the valve (3, 3', 4), in which the valve
is opened more largely than in the first operational
mode,

characterized in that a roller (19, 20, 20') is
carried on at least one of said main and subsidiary
valve lifters (11, 12, 12') to come into contact with
the corresponding cam (15, 15', 16, 16').

A valve-operating system for an internal combus-
tion engine according to claim 8, wherein

said main valve lifter (11) is formed into an ar-
cuate shape having an outer peripheral surface of
a major arc shape; said subsidiary valve lifter (12)
is formed into an arcuate shape having an outer pe-
ripheral surface of a minor arc shape; both of said
valve lifters (11, 12) are disposed, so that their flat
faces (11c, 12c) thereof slidably abutting against
each other are perpendicular to an axis of a cam-
shaft (5, 6) having said main and subsidiary cams
(15, 16); a roller (19) is carried on said subsidiary
valve lifter (12) to come into contact with said sub-
sidiary cam (16); and said main valve lifter (11) has
a slipper face (11s) formed on an upper end face
thereof, so that said main cam (15) is in sliding con-
tact with said slipper face (11s).

A valve-operating system for an internal combus-
tion engine according to claim 8 or 9, wherein
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said guide bores (24, 25, 25') are provided in
roller support shafts (17, 18, 18') secured to the cor-
responding valve lifters (11, 12, 12') to support said
rollers (19, 20, 20').
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FIG.1
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FIG.5

LOW-SPEED MODE
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FIG.6
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FIG.7

SWITCHOVER PREPARATORY STATE
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FIG.8

HIGH-SPEED MODE
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FIG.17

HIGH-SPEED MODE

\
| 15a
1 “lc —3/??54: 11a
N o > |
NN G277
- —31 30 27 < ——
== PRESSURE
12— WW 07 el
\ 1 b N\—28 23
%Tﬁ/‘ Lj .
l o : o2 —11b

42



EP 1273771 A1

FIG.18

o

— " -
a/' \ ///\ ~~~~~ \ // =
uﬂlol 6 7 HE) &
N | 117w N nﬂ
1 - - %// o
_ =TINo e
@/ O & I n
P - s
- 37 SN NN -
o o T
=N =] ﬁ ..... - = Q_
e 1
I N | N
©_ ©) N 2 MM__/
-— — I N &W/ﬂd
NN s maos ;s ) D
1 TN SR

43



cagbrocagfonamaa

BN

& pd
l..llo-

HHHL .J LE Om

.,\ i //

ammoa
- ———

EP 1273771 A1

\ 77 m,s\
\\\V \\\\\\\




EP 1273771 A1

FIG.20

& -
R R N NN
T AT
N & &
%% Z N

ﬁ.l._ ,,A \%wwiai. //, ?

3 :
L

S

//// NN

£\1

45



Gl
\

| 9l
% oY ov ) 7 i /
i 4 { /¢E/
7% % 7 /s
N Lo
m HHH 5 — .] ,WTAM.
m Wm_\j 1g OF iLep T :w OF LE+
i RN
m.w/w.:. mm\ww? J// ........

\\\\\\\

_/‘\

\\\\\\g \\\\\



EP 1273771 A1

i

I

4

47



EP 1273771 A1

FIG.23

‘53\ l—24
—— F==‘(' 15a _D
/ Va
16 15
38120 C1TIc P19
X [
: 37,33 24
12a§ _ntt 7, el 11a
o
2% ) \26\17\%
) 12¢ 28 TN A1
1214 (13 ‘Eénb’
/ 14 & 21

\ \
A

\

—h
-

\

7

48

27
35

™



EP 1273771 A1

FIG.24

49



EP 1273771 A1

FIG.25

S

NN
% /////§§$\\ 7 /

“
S

S \\x>’ 277,
A7 26

2
/ __// e \ L T 30--
H\//

50



EP 1273771 A1

FIG.26
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FIG.29

HIGH-SPEED MODE
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FIG.37
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FIG.39

LOW-SPEED MODE
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FIG.41

SWITCHOVER PREPARATORY STATE
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FIG.42
HIGH-SPEED MODE
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FIG.44
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FIG.50
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